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SECTION  I 


INTRODUCTION 

Since  World  War  II,  flight  training  simulators  have  come 
into  ever  increasing  use  due  to  their  obvious  economy  in 
equipment  and  fuel  savings  plus  their  other  attendant 
advantages  of  maintenance,  availability  and  safety.  Orlansky 
(1982),  and  Orlansky  and  String  (1977,  1979),  have  provided 
eloquent  summary  statements  of  their  effectiveness.  New  types 
of  simulators,  such  as  those  for  training  air  combat 
maneuvering  and  Skylab  cre'ws,  seem  to  be  in  great  demand. 
Unfortunately,  there  has  been  a  recent  increase  in  reports  of 
discomfort  and  distress  associated  with  the  use  of  flight 
simulators . 

Since  the  phenomenon  of  simulator  sickness  was  first 
reported  by  Havron  and  Butler  (1957),  and  Miller  and  Goodson 
(1958),  a  large  body  of  anecdotal  evidence  has  accumulated. 
This  evidence  suggests  that  simulator  sickness  symptomatology 
resembles  motion  sickness  and  other  forms  of  distress  which 
occur  after  exposure  to  altered  and  rearranged  sensory 
information  (Frank,  Kennedy,  Kellogg,  and  McCauley,  1983). 

The  following  questions  regarding  simulator  use  remain  to 
be  answered:  1)  What  causes  simulator  sickness?  2)  What  is 
the  incidence?  3)  To  what  degree  does  simulator  sickness 
degrade  performance  and  impede  training?  4)  What  can  be  done 
to  prevent  the  occurrence  of  simulator  sickness? 

PURPOSE  AND  OBJECTIVES  OF  THIS  SOURCEBOOK 

S •  !  .  iC  investigations  and  resultant  reports  in  the 

literature  on  simulator  sickness  have  been  sparse  (e.g.,  <  300 
printed  pages).  Therefore,  any  student  of  simulator  sickness 
would  need  to  search  the  information  on  related  topics  such  as 
postural  equilibrium,  visual/vestibular  interaction,  motion 
sickness,  adaptation  to  the  environment,  etc.  Yet,  simulation 
is  a  high  technology  enterprise  and  team  approaches  to  design 
and  acquisition  of  systems  have  been  followed  almost  from  the 
first  simulator.  Therefore,  simulator  sickness  is  of  interest 
to  the  practitioners  of  several  different  disciplines, 
including  engineering,  medicine,  psychology,  training,  and 
fleet  operations.  Quite  rightly,  these  specialists  are  often 
less  familiar  with  information  available  in  domains  outside 
their  own.  Thus  far,  no  one  has  collated  the  information  from 
these  disparate  areas  and  made  it  available  to  the 
technological  and  scientific  communities.  Hence,  the  primary 
purpose  of  this  Sourcebook  is  to  survey  the  available 
literature  and  reproduce  it  in  a  form  that  will  enable  the 
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appropriate  professionals  to  quickly  upgrade  their  knowledge  of 
simulator  sickness. 

Out  of  this  fundamental  purpose,  several  subsidiary 
objectives  have  emerged: 

a.  To  define  simulator  sickness. 

b.  To  determine  the  incidence  and  magnitude  of  the 
problem. 

c.  To  review  the  literature  concerning  simulator 
sickness,  including  articles,  reports,  instructions,  military 
messages,  and  other  pertinent  documents. 

d.  To  collect  and  present  the  most  cogent  publications  in 
the  field  of  simulator  sickness  and  related  areas. 

e.  To  offer  suggested  readings  for  the  further  study  of 
simulator  sickness  and  related  issues. 

f.  To  introduce  opportunities  for  new  research 
initiatives . 

g.  To  contribute  to  the  understanding  and  prevention  of 
simulator  sickness. 

PROCEDURE 

In  order  to  create  a  simulator  sickness  sourcebook  that 
would  achieve  these  objectives,  an  extensive  literature  search 
was  conducted.  This  search  determined  who  had  addressed  the 
issue,  what  they  studied,  and  what  has  been  learned.  The 
search  unearthed  studies  that  dealt  with:  a)  simulator 
sickness  directly;  b)  visual/vestibular  interactions  and  their 
relevance  for  flying  and  flight  simulation;  c)  motion  sickness 
symptomatology  and  adaptation;  d)  perceptual  experiences  as 
real  and  apparent  motion  perception,  parallax,  focal  and 
ambient  visual  information  disordered,  distorted,  or  otherwise 
perceptually  transformed  worlds;  and  f)  engineering  issues  for 
flight  trainers,  such  as  visual  and  inertial  motion  delays  and 
frequency  responses. 

For  all  the  documents  in  this  series,  the  primary  source 
has  been  the  personal  files  of  the  authors.  We  attempted  to 
consult  every  other  possible  resource,  including  DIALOG,  NTIS, 
MEDLARS,  and  Cumulated  Index  Medicus.  No  substitute  was  found 
for  spending  many  hours  “digging"  through  files,  bibliographies 
and  reference  libraries  (e.g.,  Naval  Aerospace  Medical  Research 
Laboratory,  Pensacola,  Florida;  Naval  Training  Equipment 
Center,  Orlando,  Florida).  The  assistance  of  key  investigators 
(e.g.,  Herschel  Leibowitz)  to  whom  we  sent  preliminary  copies 
of  the  reference  list  (Kennedy  and  Miller,  1983b)  is  also 
recognized  as  a  very  useful  approach  to  the  problem  of 
literature  retrieval. 


2 


NAVTRAEQU I PCEN  81-C-0105-7 


The  initial  literature  search  resulted  in  a  reference  list 
(to  be  published  separately  in  fall  1985)  containing 
approximately  1,800  items.  A  first  "cull”  of  the  reference 
list  yielded  approximately  250  titles,  all  of  which  were  read 
or  scanned  and  annotated.  A  second  cull  resulted  in  the 
selection  of  31  titles  for  this  document.  The  most  significant 
25  articles  were  included  in  their  entirety.  An  additional 
document  (Kennedy,  McCauley,  and  Miller,  1985a)  cites  what  we 
consider  the  100  most  helpful  items  ancillary  to,  but  integral 
to,  an  understanding  of  simulator  sickness;  it  also  reproduces 
what  we  considered  to  be  the  more  important  pages  of  these 
documents . 

ORGANIZATION  OF  THIS  REPORT 

This  report  is  organized  into  three  sections  plus  Appendix 
A.  The  present  section  serves  to  introduce  and  orient  the 
reader  to  the  remaining  sections.  Section  II  deals  with  the 
issue  of  motion  sickness  and  its  relationship  to  simulator 
sickness.  The  most  important  part  of  this  report  is  contained 
within  Section  III.  In  that  section  the  studies  of  simulator 
sickness  are  reviewed.  As  we  conducted  the  literature  review 
and  reviewed  the  modest  state  of  our  knowledge  in  this  area  we 
surfaced  and  refined  hypotheses  for  research.  These 
suggestions,  in  the  form  of  research  initiatives,  have  been 
offered  to  stimulate  further  discussion  in  the  scientific 
community.  Section  III  also  introduces  Appendix  A,  which 
contains  reproductions  of  articles  dealing  with  simulator 
sickness  --  including  reports  of  simulator  sickness  outcomes, 
provocative  experiments,  messages,  dispatches,  and  other 
documentation  of  the  aftereffects. 

DOCUMENTS  IN  THIS  SERIES 

It  is  intended  that  six  documents  will  appear  in  this 
series,  all  under  the  general  title,  “Simulator  Sickness: 
Reaction  to  a  Transformed  Perceptual  World."  The  prospective 
subtitles  are; 

I.  Scope  of  the  Problem  (Frank,  Kennedy,  Kellogg  and 
McCauley,  1983).  This  NTEC  Technical  Note  was  originally  a 
paper  presented  at  the  Annual  Symposium  of  Aviation  Psychology, 
Ohio  State  University,  24  April  1983. 

II.  Sourcebook  and  Suggested  Readings  (this  document) 

III.  Workbook  on  Related  Topics  (Kennedy,  McCauley,  and 
Miller,  1984b,  in  preparation). 

Here,  subjects  related  to  motion  sickness  will  be 
discussed.  This  document  will  be  separated  into  five  sections, 
each  of  which,  in  turn,  will  be  divided  into  article 
reproductions  (or  excerpts)  and  a  list  of  suggested  readings 
for  that  category.  The  sections  and  their  contents  may  be 
briefly  described  as:  Motion  Sickness,  Visual/Vestibular 
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Interaction,  Motion  Perception,  Adaptation/Habituation, 
Simulators  and  Simulation  Engineering. 

IV.  A  Content-Oriented  Reference  List  (Kennedy,  McCauley, 
and  Miller,  1985a,  in  preparation).  This  will  cover  simulator 
sickness  and  related  subjects. 

V.  An  Integrated  Review  of  Simulator  Sickness  (Kennedy, 
Frank,  McCauley,  and  Berbaum,  1985c,  in  preparation). 

This  will  include  what  is  known  of  previous  incidences.  It 
will  encompass  the  topics  of  simulator  aftereffects  and 
simulator  maladaptation.  This  document  will  review,  interpret, 
evaluate,  and  summarize  existing  simulator  sickness  research, 
developments,  and  literature.  It  will  provide  a  connection 
between  related  areas  of  research  and  it  will  advance  new 
theory  and  propose  new  research  relevant  to  the  origins  and 
prevention  of  simulator  sickness. 

VI.  Preliminary  Site  Surveys  (Kennedy,  Frank,  and 
McCauley,  1984). 

WHO  MAY  BENEFIT  FROM  THESE  DOCUMENTS 

These  series  of  documents  and  others  forthcoming  in  this 
series  on  simulator  sickness  are  intended  to  be  used  as 
workbooks  by  technologists  who  desire  to  gain  a  rapid  education 
in  the  area  of  simulator  sickness  and  related  issues.  The 
technologist  may  use  these  documents  for  individual  study  or  as 
accompaniments  to  training  sessions  concerning  flight  simulator 
technology.  Lists  of  suggested  readings  should  should  satisfy 
further  informational  needs,  whether  for  historical  background 
or  general  reference. 
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SECTION  II 


PROBLEM  DEFINITION 


MOTION  SICKNESS--A  DEFINITION 

Motion  sickness  is  a  general  term  for  a  constellation  of 
symptoms  and  signs,  generally  adverse,  due  to  exposure  to 
abrupt,  periodic  or  unnatural  accelerations.  One  must  have 
organs  of  equilibrium  for  the  malady  to  develop.  Overt 
manifestations  (signs)  are'  pallor,  sweating,  salivation,  and 
vomiting  (Reason  and  Brand,  1975).  Drowsiness,  dizziness,  and 
nausea  are  the  chief  symptoms.  Less  frequently  reported,  but 
often  present,  are  postural  changes,  sometimes  referred  to  as 
"leans,"  "staggers,"  or  "sea  legs."  Other  signs  (viz.  Money, 
1970)  include  changes  in  cardiovascular,  respiratory, 
gastrointestinal,  biochemical,  and  temperature  regulation 
functions.  Other  symptoms  include  general  discomfort,  apathy, 
dejection,  headache,  stomach  awareness,  disorientation,  lack  of 
appetite,  desire  for  fresh  air,  weakness,  fatigue,  confusion, 
and  occasionally,  incapacitation.  The  consequences  for  human 
performance  and  operational  efficiency  are  decreased 
spontaneity,  carelessness,  and  incoordination,  particularly  in 
manual  control.  Table  1  lists  the  different  categories  of 
symptoms  (Kennedy,  Dutton,  Ricard,  and  Frank,  1984). 

Motion  sickness  is  theoretically  preventable,  but 
prevention  is  not  always  practical.  Once  symptoms  become 
severe,  treatment  other  than  time  may  be  impossible  for 
subsistence.  Experimental  evidence  for  the  findings  which  are 
reported  above  appears  in  Alexander,  Cotzin,  Hill,  Ricciuti, 
and  Wendt  (1945a,  b,  c;  1955a);  Alexander,  Cotzin,  Klee,  and 
Wendt  (1947));  Brand,  Colquhoun,  Gould,  and  Perry  (1967); 

Clark  and  Graybiel  (1961);  and  Graybiel,  Kennedy,  Knoblock, 
Guedry.  Mertz,  HcCleod,  Colehour,  Miller,  and  Fregly  (1965). 

Many  types  of  motion  produce  motion  sickness.  Generally, 
acceleration  of  the  environment  is  required,  but  there  is 
6trong  evidence  that  visual  motion  alone  is  sufficient  (Reason 
and  Brand,  1975).  The  effects  usually  are  limited  to  the 
period  of  exposure,  but  post-adaptation  phenomena  occur  (Fregly 
and  Kennedy,  1965;  Witkin,  1949). 

Ataxia  induced  by  vestibular  stimulation  is  known  to  occur 
but  is  not  often  reported.  For  example,  it  occurs  following 
exposure  to  centrifuge  and  ships  at  sea  (viz.  Fregly,  1974). 
Data  are  available  whereby  comparisons  can  be  made  between 
ataxia  performances  due  to  blood  alcohol  levels  and  simulator 
exposure  (Fregly.  1974).  Because  both  postural  equilibrium  and 
manual  control  are  closed-loop  control  systems  under  voluntary 
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TABLE  1.  MODIFIED  DIAGNOSTIC  CATEGORIZATION 

TIME  SHEET 


PATHOGNOMIC  SYMPTOM 
Vomit 

MAJOR  SYMPTOMS 

Increased  salivation 
Nausea 
Sweating 
Pallor 
Retch 

Drowsiness 

MINOR  SYMPTOMS 

Increased  salivation 
Nausea 
Pallor 
Sweating 
Drowsiness 

MENTAL  SYMPTOMS  ("minor”  and  "other"  symptoms) 

Difficulty  concentrating  (minor  symptom) 
Confusion  (minor  symptom) 

Fullness  of  head  (other  symptom) 

Depression  (other  head) 

Apathy  (other  symptom) 

VISUAL  SYMPTOMS  ("minor"  and  "other  symptoms) 

Difficulty  focusing  (minor  symptom) 

Visual  flashbacks  (minor  symptom) 

Blurred  vision  (other  symptoms) 

Eye  strain  (other  symptom) 

"OTHER"  SYMPTOMS 

Character  facies 

Increased  yawning 

Stomach  awareness 

Anorxia 

Burping 

BM  desire 

Headache 

Dizziness 

Aerophagia 

Vertigo 

General  fatigue 


moderate  and  severe 

if  fi  if 

severe 

i« 

•f 

•t 


slight 

If 

moderate  and  slight 

It  H  « 

If  «  H 
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control  in  the  cerebral  cortex,  and  involuntary  (motor)  control 
in  the  cerebellum,  it  would  not  be  unreasonable  to  hypothesise 
that  if  posture  is  disrupted  by  exposure  to  a  simulator,  so  too 
will  human  manual  control  (e.g.,  steering  a  car). 

The  other  chief  simulator  sickness  symptom  of  relevance  to 
the  Navy  is  the  soporific  drowsiness  often  reported  with 
vestibular  sickness.  Reports  from  squadrons  --  particularly  in 
Air  Combat  Maneuvering  (ACM)  --  are  that  even  brief  exposures 
(e.g.,  less  than  one  hour  in  the  simulator)  result  in  long-term 
fatigue  effects. 

Woodward  and  Nelson  (1976)  have  described  the  types  of 
performance  impairment  associated  with  lack  of  sleep  and, 
therefore,  by  inference,  d'rowsiness .  These  include  a  slower 
reaction  time,  short-term  memory  decrement,  impairment  in 
reasoning  and  complex  decision  making,  errors  of  omission,  and 
lapses  of  attention.  Sleep  loss  has  been  shown  to  have  a 
deleterious  effect  on  vestibular  processes.  Dowd  (1974) 
reported  increased  vestibular  sensitivity,  decreased  recovery 
rate,  and  abnormal  vestibular  habituation  to  be  associated  with 
sleep  deprivation.  He  warned  of  the  implications  of  sleep  loss 
for  increasing  the  hazards  of  flying  due  to  degraded  vestibular 
function.  It  is  possiblt  that  the  drowsiness  that  often 
accompanies  vestibular  s  r. ki._ss  may  have  similar  effects  on 
human  performance. 

SIMULATOR  SICKNESS 

Motion  sickness  has  been  found  in  nearly  all  transportation 
modes  --  on  land,  sea,  and  air.  Although  sickness  is  not  new 
in  simulation,  the  report  and  investigation  of  this  phenomenon 
has  )agged  behind  other  modes.  The  history  of  simulator 
sickness,  per  se,  is  sparse.  Those  studies  available  in  the 
published  literature  include  Miller  and  Goodson  (1960);  Reason 
and  Diaz  (1971);  Barrett  and  Thornton  (1968);  Puig  (1971); 

Ryan,  Scott,  and  Browning  (1978);  Casali  and  Wierwille  (1980); 
Kellogg,  Castore,  and  Coward  (1980);  and  McGuinness,  Bouvman, 
and  Forbes  (1981).  Additional  information  is  available  in  the 
form  of  official  correspondence  within  the  Navy  and  Air  Force, 
between  flight  surgeons,  systems  commands,  training  personnel, 
and  training  equipment  centers.  This  information  supports  the 
findings  reported  in  the  open  literature  on  altered  or 
rearranged  perceptions.  We  feel  that  simulator  sickness  is  a 
subclass  of  these  phenomena. 

A  theoretical  model  and  historical  bibliography  has  been 
prepared  concerning  visual  distortion  (Kennedy,  1970)  and  the 
general  argument  was  advanced  that  adaptation  to  altered 
perceptions  (visual/vestibular,  spat io/teraporal )  is  similar  to 
an  explanatory  model  of  motion  sickness  (Reason  and  Brand, 

1975). 
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Figure  l  is  a  schematic  depiction  of  the  relationship  among 
simulator  sickness  and  other  classes  of  subject  matter.  We 
feel  that  the  largest  category  is  perception.  Another 
category,  which  overlaps  with  perception  but  is  not  exactly 
homologous,  is  motion  sickness.  Simulator  aftereffects  exist 
within  both  worlds  but  are  not  perfectly  encompassed  by 
either.  Motion  sickness  indeed  has  some  perceptual  components 
and  some  which  are  largely  physiologic.  The  world  of 
perception  can  be  used  to  understand,  somewhat,  problems  of 
motion  sickness.  Moreover,  while  simulator  sickness  exists 
within  both  worlds,  it  is  possible  that  some  aspects  of 
simulator  aftereffects  are  outside  of  both  the  motion  sickness 
and  the  perceptual  worlds  (some  geometric  illusions  not 
necessarily  involving  motion  may  be  good  examples).  Because  so 
much  of  what  we  view  as  simulator  sickness  has  a  perceptual 
component,  the  following  have  been  given  heavier  emphasis  in 
this  text  than  motion  sickness,  per  se:  visual  information 
processing,  vestibular  information  processing,  central  nervous 
system  integration  of  those  visual  and  vestibular  inputs  and 
interactions,  and  the  adaptation  and  habituation  thereto. 

Thus,  we  have  used  these  categories  reported  above  to  decompose 
simulator  sickness  into  more  manageable  units. 

EVIDENCE  OF  SIMULATOR  SICKNESS.  Studies  by  Havron  and  Butler 
(1957),  and  Miller  and  Goodson  (1958,  1960;  were  the  first 
published  reports  of  simulator  sickness.  They  found  a 
substantial  incidence  of  symptoms  among  users  of  the  Navy’s 
2FH2  helicopter  simulator.  (Instructor  pilots  were  found  to  be 
more  susceptible  than  students.) 

In  recent  years,  there  has  been  increasing  reference  to  the 
problem  of  simulator  sickness,  although  the  extent  of  the 
problem  is  still  not  clearly  defined. 

An  investigation  of  simulator  sickness  in  the  Navy’s  2E6 
Air  Combat  Maneuvering  Simulator  (ACMS)  found  that  27%  of  the 
aircrews  using  the  ACMS  reported  varying  degrees  of  symptoms. 
The  more  experienced  aircrews  (over  1500  flight  hours)  had  a 
higher  incidence  of  symptoms  than  less  experienced  flight  crews 
(McGuinness,  Bouwman,  and  Forbes,  1981). 

One  of  the  first  attempts  to  document  the  problem  in  the 
Air  Force  was  reported  recently  by  Kellogg,  Castore,  and  Coward 
(1980  and  in  press).  They  surveyed  48  pilots  using  the  Air 
Force  Simulator  for  Air-to-Air  Combat  (SAAC)  and  found  that  a 
majority  (88%)  had  experienced  some  symptoms  of  simulator 
sickness  (primarily  nausea)  during  SAAC  training. 

Representatives  of  NAVTRAEQU T PCEN  and  NAVBIODYNLAB  have 
documented  cases  of  simulator  sickness  in  the  Navy's  P-3C 
Operational  Flight  Trainer  (2F87-OFT),  particularly  at  the 
flight  engineer’s  position  (Crosby  and  Kennedy,  1982).  This 
work  was  stimulated,  in  part,  by  earlier  reports  of 
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symptomatology  in  the  2F87  by  several  instructor  pilots  (Ryan, 
Scott,  and  Browning,  1978). 

In  a  study  of  flight  simulator  motion  sickness  conducted 
for  the  Canadian  Department  of  National  Defence,  Money  (1980) 
reported  that  nearly  half  of  the  pilots  using  the  Aurora 
Simulator  experienced  sickness  ranging  from  slight  discomfort 
to  mild  nausea.  He  provided  a  summary  of  the  current 
theoretical  bases  for  motion  sickness  (sensory  conflict 
theory),  and  described  how  aircraft  maneuvers  performed  in  a 
simulator  may  generate  conflict  between  the  visual  and 
vestibular  senses, 

IMPLICATIONS  OF  SIMULATOR  SICKNESS.  For  the  Navy,  and  for  the 
Naval  Training  Equipment  Center,  the  possible  negative 
implications  of  simulator  sickness  can  be  grouped  into  three 
broad  categories. 

Compromised  Training.  First,  symptomatology  may  interfere  with 
and  retard  learning  in  the  simulator  through  distraction. 
Secondly,  since  humans  are  flexible,  trainees  may  adapt  to 
unpleasant  perceptual  experiences.  If  new  learned  processes 
are  not  similar  to  responses  required  in  flight  then  the  new 
responses  could  lead  to  negative  transfer  to  in-flight 
conditions.  We  believe  this  is  a  most  critical  problem  because 
of  its  safety  of  flight  implications. 

Decreased  simulator  Use.  Because  of  the  unpleasant 
side-effects,  simulators  may  not  be  used  or  persons  may  lack 
confidence  in  the  training  they  receive  in  such  simulators. 

Simulator  Aftereffects.  Simulator  exposure  may  result  in 
aftereffects  or  post-effects.  These  are  not  unlike  the 
post-effects  of  other  motion  devices,  but  their  relevance  to 
safety  (e.g.,  egress  down  a  ladder,  or  driving  home)  is  not 
known. 

EVIDENCE  OF  NEGATIVE  IMPLICATIONS.  The  consequences  and 
practical  significance  of  varying  degrees  of  simulator  sickness 
have  been  alluded  to  in  the  past.  Crosby  and  Kennedy  (1982)  in 
a  Navy  study  of  the  2F87-OFT  stated: 

"The  cause(s)  of  these  symptoms  should  be  eliminated 
for  the  following  reasons.  The  flight  engineers  are  at 
risk  when  walking  on  the  ladders  at  the  exit  of  the 
simulator  following  training  because  of  extreme 
unsteadiness  induced  by  the  simulator.  The  students  become 
reluctant  to  take  more  training  after  this  experience. 
Additionally,  the  symptoms  of  simulator  sickness  reduce  the 
effectiveness  of  the  flight  engineers  and  hence  jeopardise 
the  flight  crew  in  real  flights  that  follow  the  training  on 
the  same  day.  Training  is  probably  less  effective  because 
the  flight  engineers  attend  to  their  malaise  rather  than  to 
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the  flight  being  simulated.  Scheduling  problems  due  to  illness 
result  in  lost  crew  time  on  the  simulator  following  aborts." 

The  postural  disequilibrium  which  sometimes  results  from 
exposure  to  this  environment  should  be  studied  further.  The 
purpose  of  the  above  study  was  to  use  equilibrium  as  a 
sensitive  probe  for  effects.  It  is  not  known  whether  the 
postural  disturbances  observed  are  symptomatic  of  more  general 
incoordination  (e.g.,  fine  or  gross  motor  control),  nor  is  it 
known  whether  certain  conditions  might  amplify  the  effects 
(e.g.,  sleep  loss,  alcohol,  impoverished  sensory  conditions). 
Other  questions  include:  What  is  the  time  required  for  return 
to  baseline  levels?  Do  all  moving  environments  produce  like 
changes?  Are  individual  differences  large?  Should  particular 
activities  be  avoided? 

In  the  Navy's  2E6  Simulator,  similar  problems  of  simulator 
sickness  were  reported  by  McGuinness  et  al.  (1981).  Dizziness 
was  the  most  frequent  symptom,  followed  by  vertigo, 
disorientation,  "leans,"  and  nausea.  The  incidence  of 
symptomatology  was  greater  in  pilots  than  in  radar  intercept 
officers  (RIOs).  The  authors  suggested  that  one  reason  for  the 
reduced  levels  of  simulator  sickness  found  in  the  2E6,  relative 
to  the  Air  Force  SAAC,  may  have  been  the  less  intensive 
schedule  of  simulator  time. 

Exposure  duration  and  frequency  appear  to  be  potentially 
important  variables,  as  has  been  found  in  other  environments 
that  produce  motion  sickness  (McCauley  and  Kennedy,  1976; 
McCauley,  Royal,  Wylie,  O'Hanlon,  and  Mackie,  1976). 

Perceptual  aftereffects  also  have  potential  consequences  of 
disorientation  and  degraded  motor  control.  Some  F-4  pilots, 
after  training  in  the  SAAC  at  Luke  AFB,  have  reported 
sensations  of  climbing  and  turning  while  watching  TV,  or 
experiencing  an  180-degree  inversion  of  the  visual  field  while 
lying  down  (Kellogg,  Castore,  and  Coward,  1980).  These  authors 
cogently  suggested  that  "users  of  such  (wide  field  of  view) 
simulators  should  be  aware  that  some  adjustment  may  be  required 
by  pilots  when  stepping  back  into  the  real  world  from  the 
computer-generated  world." 


11 


NAVTRAEQUIPCEN  81-C-0105-7 


SECTION  III 


SIMULATOR  SICKNESS  REVIEW  AND  SUGGESTIONS  FOR  RESEARCH 


BACKGROUND 

Humans,  along  with  other  species,  adapt  biologically  to 
ecological  changes;  otherwise,  they  do  not  survive. 

Ordinarily,  adaptation  involves  long-term  evolutionary 
modifications  of  structure-  and  function.  However,  less 
permanent  modifications  occur  which  capitalize  on  the  human 
central  nervous  system's  plasticity.  These  short-term  changes 
may  be  considered  under  the  general  rubric  of  adaptation  to  the 
environment;  but  persons  who  study  learning,  habituation, 
acclimatization,  adjustment,  compensation,  satiation,  and  other 
time-course  events  may  be  involved  in  examining  similar 
processes.  These  short-term  changes  make  simulator  sickness  an 
important  problem  for  the  Navy. 

It  is  axiomatic  that  motion  is  the  basis  for  motion 
sickness  and  the  constellation  of  symptoms  which  occur  under 
some  force  environments  illustrates  that  this  is  an  ecological 
change  to  which  humans  have  not  yet  adapted.  Whether 
individual  differences  in  resistance  may  reflect  differential 
levels  of  development  in  this  regard  is  speculative  and  will  be 
discussed  later.  The  fact  that  the  moving  systems  are  usually 
conceived  and  developed  by  humans  (viz.  ships,  aircraft,  and 
space  stations),  rather  than  evolving  through  the  course  of 
natural  events,  is  probably  not  a  logically  meaningful 
distinction  for  this  argument.  Admittedly,  though,  man-made 
systems  have  introduced  new  force  environments  more  rapidly 
than  would  be  the  case  for  most  ecological  changes. 

It  is  our  view  that  motion  sickness  is  an  ordinary 
consequence  of  exposure  to  certain  moving  environments.  The 
incidence,  time  course,  symptom  mix,  etc.,  follow  certain 
rules,  some  of  which  are  known.  Frequently,  if  the  stimulus 
parameters  of  the  force  environment  are  sufficiently  specified, 
our  technology  can  predict  whether  and  how  greatly  sickness 
will  occur  (McCauley  and  Kennedy,  1976).  It  follows  that,  to 
the  extent  that  the  real  system  produces  motion  sickness,  a 
simulator  which  replicates  the  real  environment  is  liable  to 
induce  the  same  responses. 

Hot/e  v/ ,  when  a  simulator  produces  effects  which  are 
dissimilar  (and  indeed  worse)  than  those  which  ordinarily  occur 
(example,  in  the  aircraft),  then  the  adequacy  of  the  simulator 
must  be  challenged.  Thus,  we  propose  that  the  term  "simulator 
sickness"  be  reserved  for  those  cirumstances  where  the  sickness 
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occurs  only  (or  to  a  far  greater  extent)  in  the  simulator.  In 
other  cases,  the  terms  car,  air,  camel,  sea  or  motion  sickness 
should  continue  to  be  employed.  It  is  with  this  philosophical 
perspective  that  we  have  studied  the  research  literature  on 
simulator  sickness.  It  will  only  be  through  an  adequate 
understanding  of  how  simulator  sickness  compares  with  more 
"ordinary"  varieties  of  motion  sickness  that  remedies  will  be 
forthcoming. 

FACTORS  CONTRIBUTING  TO  SIMULATOR  SICKNESS 

KEY  FINDINGS  FROM  THE  RESEARCH  LITERATURE.  A  large  literature 
is  available  on  altered  and  transformed  perceptions. 

Occasionally  in  these  studies,  discomfort  similar  to  the 
symptoms  of  motion  sicknes's  has  been  reported.  Although  the 
findings  have  not  been  clearly  connected  with  simulator 
sickness,  we  believe  much  is  to  be  learned  from  the  study  of 
this  literature.  For  example,  in  addition  to  the  spectacles 
and  prism  work,  binoculars  (Sternberg  and  Banks,  1970),  striped 
drums  (Crampton  and  Young,  1953),  rods/frames  and  tilted  rooms 
(Witkin,  1949),  and  other  devices  have  been  employed.  In 
addition  to  central  nervous  system  plasticity  issues,  in  all  of 
these  studies  a  theme  recurs;  not  all  persons  respond  the  same. 
Individual  differences  in  adaptation  constitute  a  potent 
variable,  whether  due  to  an  acquired  perceptual  style  or  an 
endowed  nervous  system  predisposition.  The  practical 
consequence  of  this  factor  is  that,  while  individually  tailored 
simulator  presentations  are  not  feasible  at  this  time, 
individual  regimens  of  exposures  to  simulators  form  a  probable 
approach  in  order  to  minimize  the  problem  of  simulator  sickness. 

Most  reports  of  simulator  sickness  suggest  that  there  is 
only  temporary  discomfort  resulting  from  the  simulator,  if  any 
occurs  at  all,  and  that  such  discomfort  is  a  small  price  to  pay 
for  the  kind  of  training  provided.  Moreover,  even  when  there 
are  problems  initially,  they  appear  to  subside  with  continued 
exposure  to  the  simulator.  It  should  be  mentioned,  however, 
that  if  this  adaptation  occurs  it  implies  that  changes  have 
occurred  in  the  central  nervous  system.  If  these  changes  do 
not  coincide  with  activities  which  are  appropriate  for  control 
of  the  aircraft,  then  safety  of  flight  is  compromised. 

Several  reports  have  shown  that  the  stimulus  for  emesis  can 
summate,  so  that  with  radiation  (Cordts,  1982)  and  the  flu  (de 
Wit,  1957),  thresholds  for  emesis  are  lowered  under  the 
combined  stress.  It  would  seem  likely  that  hangover,  allergic 
reactions,  colds,  flu  shots,  or  other  maladies  might  have  a 
similar  effect  on  simulator  sickness.  Thus,  stimulus 
conditions  which  might  be  otherwise  mildly  distressing  would 
provoke  more  severe  symptoms  if  trainees  (students,  pilots) 
were  not  in  their  usual  state  of  fitness.  Attention  to  this 
factor  with  appropriate  warnings  of  possible  limited  simulator 
usage  for  persons  so  afflicted  may  contribute  towards  lowering 
the  simulator  sickness  problem  and  its  incidence. 
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Simulator  sickness  resembles  motion  sickness  in  that  the 
signs  and  symptoms  are  very  similar.  Most  of  the  distress  and 
upset  present  in  true  motion  sickness  are  also  present  in 
simulator  sickness.  Occasionally,  the  reports  which  occur  in 
connection  with  simulators,  which  may  not  involve  nausea  and 
vomiting,  include  headache,  visual  streaming,  and  other  more 
migraine-like  symptoms.  However,  careful  perusal  of  the  motion 
sickness  literature  will  reveal  that  these  symptoms  are  also 
present  occasionally  in  motion  sickness  experiences.  It  should 
be  possible  to  alert  individuals  to  symptoms  and  enable  them  to 
diagnose  their  illness  prior  to  it  becoming  debilitating. 
Treatment  should  include  termination  of  the  training  session. 
Proper  early  diagnosis  can  mitigate  the  severity  of  the 
symptoms . 

The  best  theory  of  motion  sickness  resembles  the  template 
matching  model  of  Reason  (1978),  Oman  (1980),  and  others  who 
posit  a  cue  conflict  type  of  notion.  In  this  theory, 
perceptions  ordinarily  are  ordered  and  are  generally  in  accord. 
When  perceptions  are  not  in  accord,  the  central  nervous  system 
interprets  the  problem  as  one  which  requires  "trouble¬ 
shooting."  If  the  vestibular  system  is  one  of  the  sensory 
domains  involved  in  the  conflict,  and  if  the  stimuli  are  in  the 
appropriate  bandwidth  for  it  to  be  involved,  then  the  central 
nervous  system  interprets  these  events  as  though  it  has  been 
poisoned  and  sets  in  motion  the  requirement  to  regurgitate  the 
stomach  contents  to  expel  the  poison  (Treismann,  1977). 

When  cue  conflict  occurs,  adaptation  to  distortion  occurs 
following  certain  rules.  In  general,  the  organism  samples  over 
time,  or  past  history  (neural  store) ,  in  order  to  determine 
whether  these  things  which  are  not  in  accord  are  at  least 
orderly,  coherent,  and  systematic.  To  the  extent  that  they 
are,  adaptation  occurs  in  the  form  of  new  connections.  These 
new  connections  occur  at  some  cost  --  some  penalty.  In  order 
to  write  new  programs,  one  has  to  pay  for  the  software.  This 
may  help  to  explain  why  people  get  drowsy  in  connection  with 
motion  sickness;  indeed,  why  they  are  drowsy  following 
long-term  car  rides  or  train  trips.  Included  in  this  model  is 
an  explanatory  corollary  for  why  performance  is  degraded  during 
motion  sickness.  Specifically,  if  the  body  undergoes  extreme 
duress,  and  has  gone  into  the  "I  am  poisoned"  mode,  it  taps 
available  resources.  Several  theorists  have  suggested 
analogous  ideas;  the  "functional  reserve"  of  Graybiel  (1969), 
the  "distraction  principle"  of  Teichner  (1958),  or  the 
"competition  for  the  final  common  path"  of  Sherrington  (1906). 

In  the  early  reports  of  simulator  sickness,  for  example,  in 
the  2FH2  helicopter  simulator,  there  were  limitations  in  system 
fidelity.  Theue  included  vibration  of  the  visual  displays, 
other  distortions  of  the  visual,  and  foggy,  blurred,  and 
generally  out-of-focus  presentations. 
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Later  simulators,  for  example  SAAC,  also  have  produced 
simulator  sickness  and  the  sickness  which  occurs  in  the  latter 
is  probably  not  due  to  spatial  distortion.  In  the  2FH2, 
reported  airsickness  appeared  to  have  the  most  pronounced 
effect  on  hovering  performance  and  students  frequently  lost 
control  of  the  helicopter  and  wound  up  in  extreme 
oscillations.  A  case  in  point  is  the  Miller  and  Goodson  (1958) 
report  where  sickness  prompted  engineers  to  reevaluate  the 
simulation.  The  sickness  present  was  far  greater  than  was  to 
be  expected  in  a  similar  exposure  in  flight.  In  their  analysis 
(pages  12-15),  "...lags  —  two  to  three  times  normal." 
"Transparency  begins  to  shudder..."  "Horizon  rises  to  a  peak 
corresponding  to  a  corner  of  the  plate."  "...too  complex..." 
"Three  dimensional  objects. . .appear  tremendously  distorted." 
"Picture  is  dim  and  blurred"  and  "blur  gives  impression  of 
motion"  and  may  lead  to  "poor  performance  by  a  student 
... [because] .. .during  hovering  maneuvers,  one  must  respond  to 
the  slightest  impression  of  movement."  "Usual  cues  for  retinal 
disparity  and  ocular  convergence  are  lacking."  "From  the 
cockpit,  the  furthest  point  upon  which  a  pilot  is  called  to 
focus  is  about  12  feet.  The  closest  point  on  the  screen  is 
about  6  feet  from  his  eyes.  This  difference  of  about  6  feet 
represents,  in  the  scene,  a  distance  of  a  matter  of  miles."  On 
page  18  they  state: 

Obviously,  the  represented  distance  to  an  object  in 
the  scene  is  some  exponential  function  of  the  actual 
distance  to  that  given  point  on  the  screen.  Therefore,  any 
movement  of  the  head  will  increase  or  decrease  the 
represented  distance  to  an  object  in  an  exponential  manner, 
and  any  correction  effected  by  increasing  the  radius  of  the 
screen  would  alleviate  this  problem  in  the  same  manner. 

Because  neither  of  the  seats  is  located  at  the  focal 
point  of  the  screen,  a  parallax  is  perceived  by  an  observer 
from  either  seat.... If  this  distortion  were  constant,  the 
observer  would  likely  be  able  to  adapt.  Unfortunately, 
however,  the  degree  of  the  distortion  is  changing 
continually  with  movements  of  either  the  scenery  or  the 
observer's  head.  Since  these  distortions  are  due  to  the 
offset  position  of  the  seats,  the  only  area  free  of 
parallax  is  that  area  on  the  screen  which  is  aligned  with 
the  observer's  eyes  and  a  vertical  line  from  the  light 
source.  The  greater  the  distance  from  this  area  to  a  point 
being  attended,  the  greater  the  distortion  will  be.  Thus, 
a  pilot  performing  a  turn  on  a  spot  to  the  left  may  observe 
that  a  fence  post  or  telephone  pole  which  slants  about 
fifteen  degrees  to  the  left,  gradually  approaches  th* 
vertical  as  it  approaches  this  area  of  the  screen,  and  then 
begins  to  slant  to  the  right.  If  this  parallax  contributes 
to  the  cause  of  'motion  sickness,'  one  may  readily  account 
for  the  fact  that  a  greater  percentage  of  instructors  get 
sick  than  do  students;  the  instructors  have  learned  to  scan 
the  visible  area  constantly,  whereas  the  students  tend 
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to  fixate  on  a  particular  area  of  the  screen  and  simply  to 
attend  to  that  portion  of  the  scene  which  comes  into  this 
area . 


A  number  of  individuals  have  commented  independently 
that  the  apparent  movement  of  the  scenery  in  the  2FH2  is 
considerably  more  rapid  than  the  corresponding  movement 
observed  from  a  helicopter.  The  cause  of  this  effect  is 
not  clear.  It  may  be,  however,  the  end  result  produced  by 
certain  factors  discussed  previously  such  as  blurring, 
distorted  size  perspective,  distorted  movement  parallax, 
etc. 

Women  exhibit  larger  fields  of  view  than  men  from  the 
standpoint  of  the  functional  peripheral  fields  (Burg,  1968, 
cited  in  Leibowitz,  1973,  Figure  1,  p.  65).  Sickness  is  more 
prevalent  in  simulators  with  wide  fields  of  view  (Frank  et  al. 
1983).  Perhaps  this  mechanism  partly  explains  the  greater 
incidence  of  motion  sickness  in  females.  One  might  look  to 
find  greater  incidence  of  simulator  sickness  in  females  also. 

A  subtle  distinction  runs  through  the  documents  supporting 
design  criteria  for  simulators.  The  philosophy  of  fidelity  is 
different  depending  on  whether  visual  or  inertial  inputs  are 
being  discussed.  The  attempt  is  often  made  to  depict  reality 
as  faithfully  as  possible  for  the  visual  image  and,  therefore, 
to  inform  the  eye.  However,  we  set  about  to  fool  the 
vestibular  system  through  washout  and  other  cues.  It  is 
proposed  that  a  self-conscious  appreciation  for  these 
differences  in  design  philosophy  may  be  helpful  in 
understanding  why  simulator  sickness  may  occur.  For  example, 
not  only  must  the  visual  system  and  the  vestibular  system  be 
informed,  but  they  must  also  be  informed  within  the  dynamic 
range  over  which  they  both  operate.  Moreover,  in  those  ranges 
where  the  two  operate  together,  care  must  be  taken  that  the 
peak  sensitivities  of  each  are  informed  both  spatially  and 
temporally,  simultaneously,  in  terras  of  the  perceptual 
simultaneity.  Furthermore,  it  should  be  recognized  that, 
generally,  visual  information  is  more  available  to 
consciousness  than  vestibular.  Visual  information  (e.g., 
ambient)  that  is  less  conscious  is  also  more  likely  to  be 
implicated  in  motion  and  simulator  sickness  since  it  is  also 
more  likely  to  be  in  conflict  with  the  vestibular  information 
in  these  environments. 

SUMMARY  OF  FINDINGS 

From  the  literature  review,  we  have  listed  according  to  our 
estimate  of  importance  the  following  predisposing  or 
contributing  factors  to  the  incidence  of  simulator  sickness: 
a)  motion  base  frequency  effects  (real  motion  and 
visual/spatial);  b)  input/output  lags  in  the  simulator,  both 
visual  and  inertial;  c)  visual/vestibular  mismatch;  d) 
individual  differences;  e)  frequency  of  exposure;  f)  field  of 
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view;  g)  off-axis,  poor  resolution,  flicker,  and  other 
distortions  in  viewing;  h)  subject's  physical  state  (flu, 
fatigue,  or  anxiety);  i)  incidental  head  movement;  j)  task  or 
intensity  of  dynamic  environment;  i.e.,  landings  versus 
air-to-air  combat  [Effect  =  frequency  X  intensity  X  time  X 
individual  susceptibility-adaptation];  k)  use  (i.e.,  freeze 
while  upside  down);  1)  adaptation;  ra)  scene  content  (e.g.,  too 
much  detail);  n)  duration  of  exposure;  o)  model  board  vs 
computer-generated  imagery;  p)  high  frequency  vibration  (>  3 
Hz)  which  disrupts  visual  accommodation;  and  q)  dark  focus 
interacting  with  display  viewing  distance. 

The  chief  outcomes  of  simulator  distress  and  sickness  are 
in  the  form  of:  1)  adverse  training  —  due  to  the  plasticity 
of  the  human  nervous  systeto;  b)  creature  comforts  and 
motivational  features  —  which  will  surface  in  the  form  of 
mistrust  in  the  simulator's  capabilities;  and  c)  safety  and 
health  --  where  some  of  the  aftereffects  may  produce  problems. 

RESEARCH  INITIATIVES 

RATIONALE.  Through  reading  the  studies  in  Appendix  A,  other 
materials  on  simulator  sickness,  and  the  items  collected  and 
cited  in  the  Workbook  (Kennedy,  McCauley,  and  Miller,  1985b), 
and  through  the  context  provided  by  the  1500  or  so  references 
which  will  appear  in  the  Reference  List  (Kennedy,  McCauley,  and 
Miller,  1985a),  we  began  to  recognize  the  need  for  more 
research  in  this  area.  A  series  of  discussions  among  us  led  to 
the  identification  of  problems  and  unresolved  issues.  To 
provide  a  structure  for  communicating  these  issues,  we  decided 
upon  a  matrix  where  content  areas  versus  lead  time  for  solution 
were  compared.  Thus,  on  the  one  hand,  we  pointed  out  where  our 
technological  information  may  provide  present-day  answers 
(e.g.,  conduct  a  spectral  analysis  of  moving-base  simulators  to 
determine  whether  the  distribution  of  energy  is  in  the  same 
region  found  conducive  to  sea  sickness);  and  where  there  appear 
to  be  opportunities  for  longer  term  research  initiatives, 
either  in  the  form  of  experiments  for  specific  problems  (e.g., 
lags,  off-axis  viewing),  or  among  more  general  themes  (e.g., 
the  time  course  of  adaptation  and  post-adaptation  following 
different  schedules  of  exposure).  We  have  also  included  more 
programmatic  efforts  (the  relevance  of  focal  versus  ambient 
visual  information  processing  for  minimizing  conflict  between 
and  within  sensory  systems  in  ground-based  flight  simulators). 
We  have  listed  first  those  cases  for  which  we  believe  there  is 
sufficient  ex  information  to  suggest  solutions  ("Near  Terra"). 
Next,  we  have  cited  items  where  it  is  likely  that  it  will  be 
possible  to  develop  an  answer,  although  engineering  analyses 
may  need  to  be  performed  ("Midterm").  Lastly,  there  are  forms 
of  solution  which  may  only  become  available  when  research 
programs  are  put  in  place  to  systematically  study  the  problem 
("Long  Term"). 
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TABLE  2A.  FLIGHT  SIMULATOR  CHARACTERISTICS 


Designation 

2FH2 

Alternate  Desig. 

Aircraft 

Bell  HTL 

Type 

Helo 

Mission 

Hover 

When  Introduced 

Train 

1956 

Base 

Type 

Fix 

Deg.  Freedom 

Max  g 

Enhanced* 

.2  - . 4Hz 

Component 

Noise  Simulated 

Yes 

Vibration  Simulated 

Yes 

Cockpit 

Type 

Open 

No.  Crew  Stns 

2 

No.  Cockpits 

1 

Display 

Type 

Project 

Medium 

Screen 

Source 

Point 

Content 

Source 

Sky/Earth 

Luminance 

"Dim" 

Resolution 

"Blurred" 

Motion  Range 

6  DOF 

View  Distance 

6-12 ' 

FOV  Horizon 

(deg) 

260 

Vertical 

75 

Lag  Visual 

2-3xNorm 

Inertial 

Typical  Miss.  Length 

Role:  Cont/Pass 

Both 

Source:  Miller  & 

Goodson 
et  al. 
(1958, 
1960) 


2E6 

2F112 

SAAC 

2F87 

F4/F14 

F4 

P3-C 

Fixed 

Fixed 

Fixed 

Wing 

Wing 

Wing 

AirComb 

Air/Air 

Flight 

Maneuv 

1979 

Combat 

Train 

Fix 

Motion 

Motion 

6 

=  .  2  g 

6 

Yes 

Yes 

Yes 

Maybe 

Yes 

Yes 

Yes 

Enel 

Enel 

Enel 

2 

1 

3 

2 

2 

1 

Project 

CIG 

CIG 

Dome 

8  CRTs 

CRT@ 

Pt. Source 

&  CIG 

6.  CIG 

TGT  Proj 

Model 

Model 

Sky/Earth 

Sky/Earth 

Sky/Earth 

Targets 

Targets 

Mesopic 

Mesopic 

Mesopic 

Soft 

Good 

High 

6  DOF 

6  DOF 

6  DOF 

8-10  * 

2-3* 

2-3*? 

360 

296 

>2C? 

270 

142 

>20? 

>.20" 

>.20" 

>.15"? 

? 

Yes? 

30-45* 

30-45* 

4  Hrs. 

Both 

C 

Both 

McGuin- 

Hartman 

Various 

ness 

6  Hatsell 

it  al. 

(1981) 

(1976) 

*  use  of  g-suit,  g-seat,  dim  lights,  etc. 

0  pilot  •  2;  copiiot  -  1;  flight  engineer  ■  0. 
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TABLE  2B.  FLIGHT  SIMULATOR  STUDIES 


AUTHORS 

Hartman 

Kellogg 

McGuinness 

&  Hatsell 

et  al . 

et  al . 

(1976) 

(1980) 

(1981) 

Report  Name 

SAACa 

SAACb 

2E6 

Type  Study 

Survey 

Survey 

Survey 

Focus  of  Study 

Incidence 

Incidence 

Incidence 

Sim  Sick 

Sim  Sick 

Sim  Sick 

Simulator  Type 

a/c 

a/c 

a/c 

Simulator  Desig. 

SAAC 

SAAC 

2E6 

Trial  Duration 

2.5  hrs 

1  hr 

No.  Trials 

4 

1 

Subjects  Whc 

IPs 

Pilot 

Pilot 

No. 

114 

48 

66 

Role  Cont/Pass 

C 

C 

C 

Performance  Deficit  Symptoms 

How  Obtained 

Quest/Int 

Interview 

Quest 

Onset 

During 

Dur/Post 

Dur/Post 

Max  Duration 

All  Week 

6  hrs 

Max  %  w.  Symptoms 

52% 

88% 

27% 

Max  %  Quitting 

+ 

%  Reporting 

Vomiting 

2% 

Nausea 

14% 

79% 

9% 

Dizziness 

7% 

17% 

Ataxia/Kinesthetic 

60% 

10% 

Sweat 

54% 

Pallor 

Visual 

50% 

71% 

8% 

Headache 

32% 

6% 

Drowsiness /Fatigue 

32% 

Disorientation 

52% 

11% 

Attentional 

35% 

Habituat ion/ Adapt at  ion 

Some 

Experience  Effects* 

No 

♦ 

Inetr/Stud  Effects* 

NO 
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TABLE  2B.  FLIGHT  SIMULATOR  STUDIES  (cont'd) 


AUTHORS 

Havron  & 

Mill^  & 

Ryan, 

Crosby  & 

Butler 

Goodson 

Scott  & 

Kennedy 

(1957) 

(1958; 

Browning 

(1982) 

1960) 

(1978) 

Report  Name 

2FHa 

2FHb 

P-3a 

P-3b 

Type  Study 

Eval 

Field  Exp 

Field  Exp 

Field  Exp 

Focus  of  Study 

Train 

Etiology 

Motion 

Off-Axis 

Effect 

Mot. sick 

Effects 

Viewing 

Simulator  Type 

Helo 

Helo 

a/c 

a/c 

Simulator  Desig. 

2FH2 

2HF2 

2F87 

2F87 

Trial  Duration 

30'  ' 

"Hop* 

4  hrs 

4  hrs 

No.  Trials 

12 

4 

1 

1 

Subjects  Who 

Inst/Stud 

Inst/Stud 

Inst/Stud 

Flight  Eng 

No. 

36 

10  + 

47 

20+ 

Role  Cont/Pass 

Both 

C 

c 

P 

Performance  Deficit 

Symptom 

How  Obtained 

C-sest 

Q/Int@ 

Quest 

Quest/Int@ 

Onset 

Lur/Post 

Dur/Post 

Dur/Post 

Max  Duration 

24  hrs 

Max  w.  Symp 

78% 

60%  Inst 

11% 

50 

15%  Stud 

Max  Quitting 

% 

%  Reporting 

Vomiting 

Nausea 

+ 

Dizziness 

+ 

Ataxia/Kinesthetic 

+ 

11% 

50% 

Swea\. 

Pallor 

Visual 

4* 

Headache 

+ 

6% 

Drovsiness/Fatigue 

+ 

Disorientation 

At tentional 

+ 

Habituation/ 

Adaptation 

Some 

No 

Experience  Effects* 

No 

Instr/Stud  Effects* 

4- 

+ 

No 

6  Symptomatology  either  not  evaluated  or  not  evaluated  in  detail 
*  +  »  Instructor  or  experienced  person  with  greater  effects. 
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TABLE  3A.  DRIVING  SIMULATOR  CHARACTERISTICS 

•^%':'V- 
&*■  ■'  [ 

Designation 

D1 

D2 

D3 

D4 

' '  f  j 

Type 

Auto 

AUCO 

Auto 

Auto 

Mission 

Driving 

Driving 

Driving 

Driving 

Base 

1-  - 

*  i"s:  ;  t 

Type 

Fix 

Fix 

Motion 

Fix 

Deg.  Freedom 

4 

/ 

Max  g 

Enhanced* 

.2-.4Hz  Component 

Yes 

Maybe 

Noise  Simulated 

- 

Yes 

■■ i. . 

Vibration  Simulated 

No 

Cockpit 

Type 

? 

Enel 

Both 

Open 

No.  Crew  Stns 

1 

2 

1 

1 

* 

No.  Cockpits 

1 

1 

1 

1 

Display 

Type 

Project 

Project 

Project 

Medium 

Screen 

Dome 

Source 

Model  Bd. 

Pt . Source 

Film 

Source 

Tgt  Proj 

Model 

Model 

■  ■ 

Content 

Terrain/ 

Terrain/ 

Terrain/ 

Road 

Road 

Road 

Luminance 

Mesopic 

Mesopic 

Mesopic 

Resolution 

BOO  lines 

50  ft 

? 

Motion  Range 

? 

■  *  . ' 

View  Distance 

? 

6  * 

10’ 

FOV  Horizon  (deg) 

50 

165 

'•v  . 

Vertical 

? 

130 

1’ 

Lag  Visual 

.30  sec 

Inertial 

.30  sec 

Source: 

Barrett  & 

Reason 

Casali  & 

Benfar i 

#  l*  ",  ■ 

Thornton 

S,  Diaz 

Wierwille 

(1964) 

(1968) 

(1971) 

(1980) 

<  ;  > 
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TABLE  3B.  DRIVING  SIMULATOR  STUDIES 


AUTHORS 

Barrett  & 

Reason 

Casali  & 

Benf ar i 

Thornton 

&  Diaz 

Wierwille 

(1964) 

(1968) 

(1971) 

(1980) 

Report  Name 

Auto  a 

Auto  b 

Auto  c 

Auto  d 

Type  Study 

Lab  Exper 

Lab  Exper 

Lab  Exper 

Lab  Exper 

Focus  of  Study 

Perc  Styl 

Lack  of 

Design 

Stimulus 

&  Sick 

Control 

Features 

Effects 

Simulator  Type 

Auto 

Auto 

Auto 

Auto 

Simulator  Desig. 

D1 

D2 

D3 

D4 

Trial  Duration 

- 

10' 

12' 

11  • 

No.  Trials 

14 

1 

1 

1 

Subjects  Who 

Employee 

Stud/Stf 

Paid 

Misc 

No. 

50 

31+ 

64 

9 

Role  Cont/Pass 

C 

P 

C 

p 

Performance  Deficit  Symptoms 

How  Obtained 

Quest 

Q/Int@ 

Quest 

Quest/Int@ 

Onset 

During 

Max  Duration 

Max  w.  Symp 

? 

90% 

Max  Quitting 

50% 

22% 

%  Reporting 

Vomiting 

Nausea 

42% 

22% 

Dizziness 

71% 

66% 

Ataxia/Kinesthetic 

33% 

Sweat 

29% 

+ 

66% 

Pallor 

29% 

+ 

Visual 

Headache 

45% 

Drowsiness /Fatigue 

3% 

Disorientation 

Attentional 

Habituation/ 

Adaptation 

Some 

No 

-Experience  Effects* 

No 

Instr/Stud  Effect?** 

+ 

+ 

No 

§  Symptomatology  either  not  evaluated  or  not  evaluated  in 
detail. 

*  ♦  a  Instructor  or  experienced  person  with  greater  effects. 
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TABLE  4.  INCIDENCE  REPORTS,  GUIDELINES, 
INFORMATION  REPORTS,  SUMMARIES,  ETC. 


AUTHORS 

TYPE  REPORT 

SIMULATOR 

FOCUS  OF  REPORT 

Matheny  et  al. 

(71) 

Summary 

Motion  &  Visual 
Illusions 

Sinacori  (69) 

Incidence 

V/STOL 

Simulation 

Techniques 

Frank  &  Crosby 
(82) 

Incidence 

2F117A 

Psychophysio- 

logical 

Disturbed 

USN  Message  (81) 

Guidelines 

2F112 

Aircrew  Re¬ 
adjustment 

Casto  (82) 

Information 

2E6/ 

2F112 

Simulator 

Sickness 

Money  (80) 

Incidence  & 
Recommenda¬ 
tions 

Aurora 

CF140 

Simulator 

Sickness 

Wenger  (80) 

Incidence 

2F87 

Simulator 

Sickness 

USN  Message  (80) 

Requirements 

2F87 

Visual  Display 
Upgrade 

Kennedy  (81) 

Incidence  & 
Recommenda¬ 
tions 

2F87 

Simulator 

Sickness 

Kellogg,  Castore 
&  Coward  (1980) 

Information 

SAAC 

Simulator 

Sickness 

23 


NAVTRAEQU I PCEN  81-C-0105-7 


NEAR  TERM 

MOTION  SICKNESS.  Motion  sickness  due  to  vertical  oscillation 
has  maximum  symptomatology  occurring  at  frequencies  of  about  .2 
Hz  (McCauley  and  Kennedy,  1976;  O'Hanlon  and  McCauley,  1974). 

It  would  be  enlightening  to  plot  the  density  distributions  of 
various  moving-base  flight  simulators  against  the  acceleration 
by  frequency  design  criteria  of  US  Military  Standard  1472C 
(1981).  For  example,  the  motion  density  distribution  within 
simulators  may  be  of  the  wrong  wave  form  for  avoiding  motion 
sickness.  The  aircraft  that  these  simulators  are  to  depict 
usually  have  a  higher  frequency  (>  1.0  Hz)  of  motion 
themselves,  but  washout  and  other  methods  employed  to  provide 
the  impression  of  movement  in  the  simulator,  as  well  as  the 
local  adjustments  sometimes  performed  in  order  to  minimize 
maintenance  problems,  may  shift  the  frequency  downward  in  the 
simulator.  Thus,  even  though  the  simulated  aircraft  dynamics 
may  not  be  particularly  nauseogenic  (probably  around  1  Hz) 
(Kennedy,  Moroney,  Bale,  Gregoire,  and  Smith,  1972),  the 
simulator's  resonant  frequency  may  be  in  a  "bad"  region  (e.g, 
around  .2  Hz). 

Figure  2A  presents  exposure  limits  which  are  prescribed  in 
MILSTD  1472C  (1981)  for  motion  and  vibration.  These  two  solid 
lines  serve  as  design  criteria  in  the  test  and  evaluation  of 
moving  vehicles  (aircraft,  ships,  tanks)  acquired  by  the 
Department  of  Defense.  The  original  document  (MILSTD  1472C) 
used:  1)  the  90%  protection  limit  from  vomiting  due  to  motion 
sickness;  and  2)  the  fatigue  decreased  performance  efficiency 
limit  of  the  International  Standards  Organization  for 
vibration.  In  this  figure,  it  may  be  seen  that  the  most 
disadvantageous  area  for  very  low  frequencies  is  between  0.13 
and  0.40  Hz,  and  for  vibration,  3.0  -  8.0  Hz. 

In  1975,  Hartman  (personal  communication,  1983)  recorded 
the  vertical  motion  of  the  Simulator  for  Air-to-Air  Combat 
(SAAC)  over  the  course  of  a  typical  mission  scenario.  We  have 
transformed  his  power  spectral  density  analysis  to  RMS  g  and 
replotted  the  data  in  Figure  2B  along  with  the  MIL-STD  1472C 
data  of  Figure  2A.  Clearly,  the  major  amount  of  energy  is  in  a 
frequency  where  seasickness  predominates,  but  it  also  appears 
to  be  below  the  point  where  10%  vomit  over  8  hours. 

However,  if  a  more  relaxed  standard  of  sickness  than  10% 
vomiting  were  to  be  used  (e.g.,  dizziness,  nausea,  drowsiness, 
sweating,  or  pallor,  etc.,  in  half  the  subjects),  then  a 
reasonable  limit  may  be  the  curve  drawn  below  the  10%  vomit 
curve  of  this  figure.  Moreover,  if  either  a  symptom  DURING,  or 
an  effect  AFTER,  in  50%  of  the  population  were  to  be  the 
criterion,  then  the  lower  curve  of  Figure  2C  may  apply.  This 
mapping  reveals  quite  clearly  that  the  predominant  frequency  of 
the  SAAC  inertial  systems  intersects  our  estimated  tolerance 
envelopes  and,  therefore,  could  be  conducive  to  simulator 
sickness.  Indeed,  Hartman  (1975)  reported  incidence  rates  for 
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Figure  2A.  Exposure  limits  prescribed  In  U.S.  Military  Standard 
1472C  for  motion  and  vibration. 


Figure  28.  Vertical  motion  spectrum  of  Simulator  for  Air  to  Air 
Combat  (SAAC)  added  to  Figure  2A. 


Figure  2C.  Addition  of  occurrences  of  lesser  symptomatology. 
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Figure  20.  A  comparison  between  MILSTD  1472C  vomiting  criteria 
and  a  projected  envelope  for  lesser  symptomatology.  (Derived 
from  Kennedy  4  McCauley,  1982.) 
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spatial  disorientation,  eye  strain,  tiredness,  headache,  and 
nausea  of  52%,  50%,  38%,  32%,  and  14%,  respectively.  It  is 
readily  apparent  from  this  figure  that  simulator  inertial 
resonant  frequency  is  of  critical  saliency  relative  to 
simulator  sickness  and  that  simulators  should  be  designed  (or 
filtered)  with  this  in  mind. 

In  Figure  2D,  the  post-adaptation  effects  have  been 
extended  into  the  vibration  range;  walking  has  been  added,  as 
well  as  a  schematic  representation  of  regions  where  other 
effects  may  occur.  Note  that  we  have  shown  the  tolerance 
limits  for  each  of  these  envelopes  shifts  upwards  coincident 
with  the  spectrum  for  normal  locomotion.  This  figure 
overstates  what  is  presently  available  in  our  theory  and 
scientific  data.  However,'  it  does  not  overstate  what  is 
technologically  feasible  to  obtain.  It  is  proposed  that  more 
precise  measurement  be  undertaken  in  order  to  base  these 
functions  on  more  substantive  scientific  evidence. 

DELAYS  AND  LAGS.  Simulators  do  not  always  do  what  the  command 
signals  tell  them.  Evidence  for  such  occurrences  appears  in  a 
paper  by  Seevers  and  Makinney  (1979)  where  the  Air  Force 
Simulator  for  Air-to-Air  Combat  (SAAC)  was  shown  to  have  "a 
reasonable  doubt  as  to  how  well,  if  at  all,  the  motion  system 
onset  cuing  scheme  contributes  to  simulator  effectiveness. 
Erroneous  onset  cues  are  provided  the  pilot,  tending  to 
compound  further  the  dilemma  of  utility  of  motion  systems 
employed  on  visual  system  simulators;"  and  "A  comparative 
evaluation  of  responses  of  each  lag  disclosed  discrepancies, 
including  excessive  lag  times  and  cross-coupling  between 
movements,  that  indicate  errors  exist  in  movement  of  the 
platform"  (Seevers  and  Makinney,  1979).  It  also  has  been 
reported  to  one  of  the  authors  that  a  Navy  helicopter  simulator 
has  been  "out  of  spec"  with  its  specification  for  no  visual  lag 
greater  than  280  msec.  We  submit  that  these  discrepancies  can 
contribute  to  the  problem  of  simulator  sickness.  The  standard 
in  question  is  Military  Standard  1558,  which  governs  motion 
platform  systems  (MILSTD-1558 ,  Six-Degree-of-Freedora  Motion 
System  Requirements  for  Air  Crewmember  Training  Simulators). 

Speech  and  eye  movement  tracking  exhibit  distinctive 
closed-loop  temporal  characteristics.  Speech  (delayed  auditory 
feedback)  is  affected  most  by  temporal  lags  around  .2  of  a 
second,  and  is  less  affected  by  delay  values  above  and  below 
this  value.  Eye  movement  tracking  may  be  seriously  impaired  by 
feedback  lags  of  1  second  or  less.  "The  general  rule  is  that 
the  more  accurate  and  precise  the  motor-sensory  system,  the 
more  it  is  affected  by  small  magnitudes  of  feedback  delay" 
(Smith  and  Sussman,  1969).  In  a  paper  by  Rapin,  Costa,  Mandel, 
and  Froraowitz  (1963),  where  key  tapping  was  used  as  an 
indicator  of  performance  disruption  due  to  auditory  feedback 
delays,  performance  disruption  was  proportional  to  the  length 
of  delay,  up  to  1000  msec  for  tapping;  but  speech  disruption 
occurred  at  between  160  and  200  msec.  These  different  time 
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constants  should  be  viewed  in  connection  with  a  visual  delay 
time  constant,  which  may  be  about  100  msec. 

Most  modern  flight  trainers  employ  computer  image 
generation  (CIG)  visual  displays.  Operating  at  30  Hz  would 
require  about  33  msec  to  generate  an  updated  image,  but 
conventional  wisdom  is  that  phase  shifts  of  less  than  30 
degrees  to  45  degrees  at  1  Hz  (83  -  125  msec)  probably  will  not 
affect  the  control  of  a  flight  simulation  (Ricard  and  Puig, 
1977).  indeed,  nearly  all  the  information  dealing  with  visual 
displays  in  flight  simulators  is  based  on  performance  deficit 
as  a  function  of  delay.  Not  taken  into  account  is  whether 
certain  delays  are  more  or  less  conducive  to  simulator 
sickness.  It  is  not  necessary  that  performance  deficit  and 
physical  discomfort  follow'  the  same  functional  relationship 
relative  to  the  magnitude  of  delay. 

One  of  the  best  papers  on  CIG  system  delay  is  by  Ricard, 
Norman,  and  Collyer  (1976).  These  authors  suggest  that  adding 
low  pass  filters  to  the  linear  depiction  scheme  may  overcome 
the  limitations  of  lags.  They  also  point  out  that  there  could 
be  negative  transfer  if  the  real  system  and  the  practicing 
system  do  not  have  the  same  delay.  This  paper  was  prompted  by 
the  question  of  pilot-induced  oscillation.  Simulator  sickness 
is  not  mentioned,  per  se,  but  the  general  content  of  the 
article  and  its  emphasis  on  temporal  characteristics  in 
simulation  leads  to  the  simple  projection  of  different  temporal 
characteristics  for  visual  and  vestibular  responses  in  a 
simulator  environment. 

With  respect  to  lags,  Puig  (1970)  pointed  out  that  lag 
time,  i.e.,  optimal  lag  time,  is  probably  not  a  constant  but  is 
a  function  of  the  intensity  of  the  stimulus. 

Much  of  the  literature  of  K.  U.  Smith  reports  on  the 
effects  of  lag  and  perceptual  feedback  with  temporal  or  space 
displaced  vision,  Howard  and  Templeton  (1966)  have  seriously 
questioned  the  results,  although  it  is  fairly  well  accepted 
that  lags  and  space  displaced  feedback  impede  learning  and 
disrupt  performance.  This  literature  should  be  critically 
reexamined;  two-dozen  studies  are  cited  in  the  Kennedy, 

McCauley,  and  Miller  (1985a)  reference  list.  The  work  of  Smith 
(1963)  has  shown  that  there  are  difficulties  when  information 
is  visually  delayed.  The  magnitude  of  the  delay  which  degrades 
motor  performance  may  not  be  the  same  value  (in  msec)  as  the 
interval  which  one  might  find  most  distressing.  Both  of  these 
forms  of  delay  are  present  in  flight  simulators,  but  generally 
only  the  delay  which  intrudes  on  performance  is  studied.  The 
latter  is  of  importance  for  understanding  simulator  sickness. 

In  general,  the  motor  deficit  is  proportional  to  the  magnitude 
of  the  visual  delay,  but  delayed  auditory  feedback  is  most 
disturbing  at  about  100  msec. 
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Observed  effects  of  feedback  delays  indicate  that  little  or 
no  learning  occurs  in  most  response  systems  with  feedback 
delays  longer  than  .4  seconds  or,  if  limited  learning  occurs, 
it  is  likely  to  be  unstable.  These  and  other  findings  indicate 
that  every  motion  system  of  the  body  is  specialized  in  terms  of 
the  temporal  feedback  compliances  that  regulate  it. 

ADAPTATION  EFFECTS.  Fineberg  (1977)  showed  that  previous 
learning  with  visually  displayed  information  has  an  effect  on 
subsequent  perceptions  of  velocity.  Fried  (1962)  has  obtained 
a  similar  outcome.  The  fact  that  motion  perceptions  can  be 
modified  by  previously  experienced  visual  information  suggests 
that  perceptions  or  estimates  of  velocity  when  driving  an 
automobile  could  be  influenced  by  previous  exposures  in 
simulators.  In  their  study  of  the  2FH2  helicopter  simulator, 
Miller  and  Goodson  (1960)  reported  that  "on  one  occasion,  an 
instructor  had  to  get  out  of  his  car  on  the  way  home  and  walk 
around  in  order  to  regain  his  equilibrium"  (page  208).  When 
persons  were  exposed  to  long  periods  under  rotation  (Fregly  and 
Kennedy,  1965),  the  post-effects  were  still  measurable  three 
and  four  days  after  the  exposure  ceased.  And  in  some  cases 
(Goodenough  and  Tinker,  1931),  an  aftereffect  can  be  shown  to 
be  retained  as  long  afterwards  as  two  years.  Guedry  (1965)  has 
shown  post-adaptation  effects  of  several  weeks. 

Many  studies  of  adaptation  to  altered  perceptual  inputs 
have  been  reported.  One  in  particular  by  Taub  (1973)  showed 
that  most  of  the  laboratory  experiments  performed  on  prisms 
have  used  massed  practice,  where  subjects  put  on  the  prisms  and 
were  exposed  to  the  experimental  test.  When  this  was  done,  the 
magnitude  of  the  effects  were  measured  in  the  form  of 
post-effects.  However,  in  Taub's  study,  distribution  of 
practice  showed  an  extensive  amount  of  transfer.  One  might 
also  infer,  from  the  standpoint  of  simulators,  that  with 
distributed  practice  —  perhaps  once  a  day  over  a  long  period 
of  time  —  the  habits  that  are  built  up  may  become  very  strong, 
so  that  when  one  does  get  into  an  aircraft,  it  may  be  more 
difficult  to  unlearn  them.  These  adaptation  effects  need  not 
result  from  active  operations.  Templeton,  Howard,  and  Lowman 
(1966)  showed  that  post-adaptation  effects  from  passive 
adaptation  can  still  be  strong  and  this  has  direct  relevance  to 
steering  an  automobile  after  simulator  exposure. 

Rosinski  (1982)  makes  the  important  point  that  graphic 
displays  provide  accurate  representations  of  three-dimensional 
space  only  when  viewed  from  the  geometric  center  of  projection; 
otherwise,  there  are  distortions.  He  goes  on  to  show  that  with 
familiar  display  systems  geometric  distortions  are  well 
tolerated  and  are,  indeed,  discounted  by  the  perceptual  system 
(e.g.,  a  windshield).  If  simulator  distress  is  occasioned  by 
off-axis  viewing  and  by  other  perceptual  distortions,  scene 
content  composed  of  familiar  items  and  possibly  even  those  with 
"good  form"  may  be  less  conducive  to  simulator  distress  than 
those  which  are  unfamiliar. 
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HEAD  MOVEMENT.  Head  movement  may  be  an  important  issue  in 
simulator  sickness.  The  relationship  between  simulator 
sickness  and  head  movement  has  not  been  determined.  It  has 
been  shown  that  head  movements  increase  motion  sickness 
susceptibility  in  gliders,  a  slow  rotation  room  and,  perhaps, 
in  space  flight.  Motion  sickness  may  be  expected  to  decline  in 
flight  simulators  if  head  movements  are  restricted. 

However,  this  potential  efficacy  may  be  lost  because  head 
movement  incidence  may  be  related  to  the  available  and  useful 
field  of  view.  Thus,  if  head  movements,  per  se,  are 
restricted,  field  of  view  may  also  be  restricted.  If  there  are 
requirements  for  extraction  of  information  from  other  than  the 
central  field,  as  in  air  combat  maneuvering,  then  whether 
interactions  occur  is  an  empirical  question. 

At  least  one  author  (Sinacori,  1969)  has  shown  that  pilot 
head  movements  during  moving-base  operations  are  similar  to 
head  movements  found  in-flight  with  a  helicopter. 

Alternatively,  head  movements  in  the  simulator  during 
fixed-base  operations  were  different.  Conceivably,  the  head 
movements  are  made  in  accord  with  the  inertial  inputs  following 
vestibular  stimulation.  In  a  fixed-base,  nonvestibular 
stimulation  mode,  these  head  movements  may  not  be  in  accord  and 
may  be  the  source  of  conflict  in  some  future  simulators.  It  is 
possible  that  moving-base  helicopter  simulators  may  be  less 
conducive  to  simulator  sickness  than  their  fixed-base 
counterparts.  This  conclusion  is  supported  by  the  findings  in 
the  2FH2  Helicopter  Simulator  studies  of  Havron  and  Butler 
(1957)  and  Miller  and  Goodson  (1958,  1960). 

POSTURAL  EQUILIBRIUM  AND  ADAPTATION.  Aftereffects  occur 
following  exposure  to  transformed  visual/proprioceptive  inputs 
(prisms,  mirrors,  moving  devices).  Frequently,  these  have  been 
measured  using  walking  and  standing  tests  of  equilibrium.  It 
is  also  possible  to  measure  a  bias  or  an  increased  dispersion 
by  a  method  of  past  pointing,  first  reported  by  Slinger  and 
Horsely  .  (1906;  see  also  Barany,  1906).  Those  authors  used  a 
grid  to  measure  felt  position  of  limb  in  various  different 
meridians,  both  saggital  and  horizontal.  Tests  like  these 
should  be  devised  for  use  with  motion  aftereffects.  Changes  in 
felt  position  of  the  limb  are  directly  relevant  to  the  manual 
control  of  vehicles  following  simulator  exposure. 

Post-adaptation  effects,  which  have  been  shown  in  the  form 
of  postural  disequilibrium  ("leans")  and  kinesthetic 
aftereffects,  might  be  expected  to  influence  manual  control  in 
the  subsequent  operation  of  aircraft,  in  egress  from  the  flight 
simulator,  or  when  driving  home.  The  oculobrachia  illusion 
(Lackner  and  Levine,  1978)  can  be  considered  analogous  to  the 
motor  output  characteristics  of  a  pilot  subsequent  to  simulator 
exposure. 
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In  his  paper  "Sensory  Feedback  in  Human  Posture  Control," 
Nashner  (1970)  offers  an  engineering  approach  to  the  modeling 
of  control  processes  for  remaining  upright.  Very  likely,  the 
adaptation  occurring  in  simulators  is  logged  and  registered  in 
the  neural  store  as  proposed  by  Nashner  and  the  post-effects 
represent  either  a  bias  or  increased  sway  subsequent  to  those 
exposures . 

Obviously,  changes  which  occur  in  postural  equilibrium  from 
rotation  and  from  alcohol  do  not  have  a  common  genesis  from  the 
standpoint  of  the  stimulus;  yet,  they  very  likely  operate 
through  the  same  central  nervous  system  pathways  to  the  motor 
system.  Tracking  performance  has  been  disrupted  by  alcohol  and 
has  been  related  to  distortions  and  potential  changes  in 
driving  behavior  (cf.  Money  and  Myles,  1974,  for  interaction 
between  alcohol  and  vestibular  function).  Because  alcohol 
affects  posture  and  tracking  in  a  specific  way  that  is  not 
unlike  the  way  alcohol  affects  walking,  it  is  not  inconceivable 
that  simulator  motion,  which  produces  ataxia,  may  also  produce 
changes  in  manual  control. 

The  "adaptation"  literature  and  simulators  may  be  viewed 
analogously  to  the  time  when  "habit  patterns"  were  implicated 
in  aircraft  accidents  early  in  the  study  of  human  factors. 
Compatibility  and  consistency  have  since  been  recommended  as 
design  criteria  for  aircraft  systems  in  order  to  avoid 
accidents.  If  it  can  be  shown  that  either  anthropometry  or 
convention  dictates  a  good  and  less-than-good  design  approach, 
then  it  behooves  designers  to  design  controls  and  displays  so 
that  they  are  operated  in  an  optimal  way.  In  addition, 
whatever  these  design  criteria  turn  out  to  be,  they  should  be 
consistently  repeated  throughout  all  systems  where  the  same 
individual  is  expected  to  operate.  For  example,  in  different 
aircraft,  the  windshield  wiper,  radios,  triggers,  etc.,  should 
be  in  the  same  positions.  This  consistency  in  design  is 
required  in  order  to  avoid  inadvertent  or  improper  usage  or  to 
minimize  accidental  operations  and  errors.  If  one  is  to  design 
flight  simulators  with  the  same  view  in  mind,  and  if  it  then 
turns  out  that  responses  that  are  learned  in  simulators  need  to 
be  unlearned  later  in  aircraft,  then  this  constitutes  negative 
transfer  and  is  to  be  avoided. 

Information  from  massed  long-term  exposures  shows  that 
post-effects  are  liable  to  surface,  not  only  immediately  after 
the  exposure  is  terminated  but  also  days  later.  Astronauts 
have  reported  feelings  of  levitations;  persons  who  go  to  sea 
report  ie  mal  de  debarguement .  or  disembarkation  sickness;  "sea 
legs"  is  a  special  case,  as  is  the  feeling  of  gliding  one 
experiences  after  two  to  four  hours  at  a  roller  rink.  It  is 
suggested  that  these  post-effects  of  motor  output  are  governed 
by  the  same  laws  of  learning  and  forgetting  as  other  learned 
activity. 
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Many  methods  for  assessing  postural  equilibrium  are 
offered.  Stockwell  (1981)  points  out  that  the  control  of 
spinal-cerebellar  pathways  by  vestibular  inputs  can  be  a 
problem.  Of  more  importance,  however,  "It  may  seem  that 
powerful  methods  of  testing  human  postural  stability  are  at 
least  several  years  away"  (Fregly,  1974,  p.  334).  In  an 
extensive  effort  to  develop  a  battery  of  simple  clinical 
balancing  tests,  Fregly  (1974)  was  able  to  make  reliable 
discriminations  among  normal  individuals  and  patients  with 
unilateral  or  bilateral  peripheral  vestibular  lesions.  "These 
investigators  assume,  as  Nashner  did,  that  the  body  behaves  as 
a  single  linking  pendulum"  (p.  334).  No  good  clinical  test  is 
available  for  measuring  postural  stability  that  includes 
considerations  of  the  multiinputs/multilevel  nature  of  human 
postural  control.  In  our  opinion,  the  work  of  Fregly  and  his 
test  are  the  best  to  date. 

MIDTERM 

MOTION  PERCEPTION.  It  is  possible  that  the  nauseogenic 
properties  of  visually  induced  (heave)  motions  may  be  similar 
to  those  of  inertially  presented  stimuli.  That  is,  for 
fixed-base  trainers,  it  is  possible  that  .2  Hz  may  be 
particularly  distressing.  The  visual  environment  could  be 
characterized  in  the  same  way  that  the  inertial  environment  was 
in  MILSTD-1472C .  Possibly,  the  two  envelopes  overlap.  A 
spectral  analysis  of  the  visual  system's  response 
characteristics,  similar  to  what  has  been  described  in 
MILSTD-1472C  for  motion  sickness,  should  be  prepared  (Figure 
2).  Specifically,  the  displacement,  in  visual  angle,  and  the 
cycle,  in  terras  of  frequency  of  a  visual  input  which  serves  as 
a  forcing  function  for  vection,  should  be  determined. 
Insufficient  research  is  available  in  this  area  of  optokinetic 
stimulation  for  sinusoidally  presented  stimuli. 

The  frequency  response  of  the  visual  and  the  vestibular 
systems  to  vertical  oscillations  may  or  may  not  coincide.  If 
they  are  differentially  sensitive  to  various  frequencies  in  the 
form  of  gain,  phase  angle,  etc.,  this  difference  could  serve  as 
the  measure  of  the  magnitude  of  the  conflict  when  the  two  ace 
not  in  accord.  All  cue  conflict  theories  of  motion  sickness 
would  predict  increased  incidence  where  this  occurs,  but  no 
good  measures  of  the  magnitude  of  the  conflicts  are  available. 
It  would  be  helpful  if  we  could  diagram  the  frequency  response 
of  the  visual  system  for  linear  oscillation  for  focal  and 
ambient  stimuli. 

In  a  paper  by  Brandt,  Wist,  and  Dichgans  (1975),  dynamic 
visual-spatial  orientation  was  shown  to  rely  mainly  on 
information  from  the  scene  periphery  —  both  retinally  and  in 
depth.  Moreover,  vestibular  information  can  be  confused  (e.g., 
the  oculogyral  illusion)  and  visual  motion  information  can  be 
interpreted  as  either  object-motion  or  self-motion.  The 
authors  studied  contrast  density  in  the  moving  field  and 
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considered  that  when  stationary  and  moving  contrasts  are 
simultaneously  present  at  different  distances,  self-motion 
would  be  more  affected  when  either  the  stationary  or  the  moving 
contrasts  are  located  in  the  background,  as  opposed  to  the 
foreground,  "This  hypothesis  implies  that  dynamic  spatial 
orientation  (in  this  case,  self-motion  perception)  relies 
mainly  upon  background  information,  whereas  object-motion 
perception  depends  predominantly  upon  foreground  information. 
Thus,  in  analogy  to  the  finding  that  the  retinal  periphery  is 
dominant  in  determining  self-motion  perception,  the  depth 
periphery  is  dominant  as  well"  (Brandt,  Wist  and  Dichgans, 

1975,  497-498).  The  authors  conclude  that  background 
information  is  of  greater  significance  than  foreground 
information.  Consequently,  visually  induced  self-motion  and 
spatial  orientation  rely  mainly  on  the  information  from  the 
scene  periphery,  both  the  retinal  and  the  depth  periphery.  The 
question  should  be  raised  as  to  whether  computer  image 
generation  provides  adequate  stimulation  for  the  depth 
periphery.  Scene  content  is  not  infrequently  a  higher  spatial 
frequency  than  one  is  accustomed  to  channeling  through  the 
peripheral  visual  system. 

OPTICAL  TRANSFORMATION.  Several  authors  have  shown  the  primacy 
of  vision  over  vestibular  function,  both  from  the  standpoint  of 
resolution  of  conflict  as  well  as  the  apparent  validity  of 
sensory  input  (cf.  Young,  1976).  Research  workers  studying 
transformed  visual  worlds  (using  displacing  and  reversing 
prisms)  have  compared  vision  and  proprioception.  In  those 
studies,  the  primacy  of  vision  over  proprioception  is 
reasonably  clear-cut.  It  would  appear,  from  the  standpoint  of 
the  cue  conflict  theory,  that  visual  disruptions  are  likely  to 
be  most  distressing  because  vestibular  and  proprioceptive 
disruptions,  if  present,  are  liable  to  be  brought  into 
correspondence  by  the  central  nervous  system's  plasticity.  The 
primacy  of  the  visual  system  over  these  other  two,  from  the 
standpoint  of  perceptual  rearrangement,  does  not  imply  (indeed, 
may  suggest  otherwise)  that  disruption  of  the  other  two  sensory 
systems,  particularly  the  vestibular  system,  may  lead  to  motion 
discomfort.  The  irony  is  that  the  other  two  are  likely  to  be 
weaker  and  vision  stronger.  In  general,  simulators  are 
designed  philosophically  to  depict  visual  information  as 
veridically  and  faithfully  as  possible.  The  notion  of  an 
eye-limited  system  is  a  design  goal.  Alternatively,  the 
announced  approach,  from  the  standpoint  of  stimulation  of  the 
vestibular  and  proprioceptive  systems,  is  to  fool  those  systems 
into  thinking  that  they  are  flying.  It  is  suggested  that 
consideration  of  simulator  aftereffects  (rescaling  of 
vestibular  and  proprioceptive  function)  may  lead  design 
engineers  to  reconsider  their  design  philosophy. 

MOTION  SICKNESS.  Drowsiness  is  reported  for  nearly  all 
simulators  exhibiting  aftereffects.  Drowsiness,  of  course,  is 
a  well-known  symptom  of  motion  sickness,  and  the  so-called 
sopite  syndrome  i»  likely  to  be  the  most  debilitating  problem 
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of  motion  sickness  and  may  be  of  simulator  sickness  also. 

Ryan,  Scott,  and  Browning  (1978)  report  drowsiness  after 
simulator  exposures.  It  is  well  known  that  the  pontine 
reticular  formation  receives  some  control  from  the  vestibular 
nuclei  (Yules,  Krebs,  and  Gault,  1966).  Moreover,  one  paper 
(Allen,  Oswald,  Lewis,  and  Tagney,  1972)  has  shown  the  effects 
of  distorted  visual  input  on  sleep.  Conceivably,  this  effect 
can  occur  from  exposure  to  distortion  in  visual  inputs  during 
simulator  exposures. 

The  soporific  effects  of  motion  are  well  known;  moreover, 
sleep  deprivation  itself  has  an  adverse  effect  on  the 
vestibular  habituation  process  (Dowd,  1974).  Various  methods 
have  been  used  to  measure  motion  sickness  symptomatology.  One 
which  uses  a  seven-point  scale  (Wiker,  Kennedy,  McCauley,  and 
Pepper,  1979)  has  shown  inter-rater  reliabilities  exceeding 
.95;  and  it  would  seem  that  the  simulator  sickness 
symptomatology  might  be  scorable  using  diagnostic 
categorization  worksheets  reported  by  Wiker  et  al.  (1979). 

The  results  of  the  Wendt  studies  (Alexander  et  al.,  1945a, 
b,  c,  1947,  1955a,  b)  and  the  human  factors  research  studies 
(McCauley  et  al.  1976)  on  whole-body  sinusoidal  oscillation 
show  that  .2  Hz  is  maximally  conducive  to  motion  sickness 
symptoms.  Both  of  these  experiments  were  conducted  in  cabs, 
where  the  subjects  were  denied  visual  information  outside  the 
moving  cabin.  The  studios  performed  on  a  swing  by  the  Air 
Force  (Hemingway,  1942)  show  that  .25  Hz  is  an  adequate 
stimulus  for  motion  sickness  induction.  The  differences  in 
those  studies  from  the  Wendt  and  HFR  studies  are:  a)  the  swing 
involved  linear  plus  angular  changes  since  the  swing  moved 
along  a  120-degree  displacement  from  a  14-foot  arm;  and  b) 
vision  was  permitted.  This  has  relevance  for  the  visual 
presentation  in  simulators.  It  is  conceivable  that  .2  Hz  also 
may  be  maximally  effective  in  producing  motion  sickness  for  a 
visual  stimulus  only. 

Biofeedback  (Levy,  Jones,  and  Carlson,  1981)  is  considered 
by  some  to  be  a  method  of  choice  for  minimizing  the  problems  of 
motion  sickness  in  flight.  Caution  should  be  used,  however,  in 
suggesting  the  use  of  biofeedback,  hypnosis,  or  other  methods 
for  minimizing  symptomatology  in  simulators,  because  it  is  not 
known  to  what  extent  performance  is  degraded  by  the  motion  or 
the  simulator  distress;  moreover,  it  is  not  known  whether 
biofeedback,  per  se,  is  intrusive  and/or  interactive  with 
performance  --  even  when  it  may  minimize  the  neuro-vegatative 
symptoms  occasioned  by  the  motior  stimuli. 

Lowered  thresholds  to  motion  sickness  have  been  shown  with 
flu  (de  Wit,  1957;  Kellogg,  Kennedy,  and  Graybiel,  1965)  and 
radiation  induced  emesis  (Cordts,  1982).  The  prospective 
summation  of  different  causes  of  emesis  suggest  that  other 
symptomatology  may  occur  with  different  simulation  aspects. 
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Flu  shots,  hangover,  or  anything  else  that  may  lower  one's 
tolerance  in  general  may  have  a  similar  effect  in  simulators. 

Exposure  to  a  slow  rotation  room,  a  kind  of  simulator, 
increased  a  person’s  tolerance  to  airsickness  over  previous 
tolerance  levels  (Cramer,  Graybiel,  and  Oosterveld,  1976).  If 
there  is  positive  transfer  from  a  centrifuge  to  an  airplane, 
there  is  evidence  that  modification  occurs  in  the 
visual/vestibular  integrating  mechanism.  However,  it  cannot  be 
overemphasized  that  positive  transfer  does  not  imply  positive 
consequences . 

LONG  TERM 

INDIVIDUAL  DIFFERENCES.  "Sub ject-to-subject  differences  exist, 
both  in  overall  ability  and  in  ability  to  improve  performance 
with  the  addition  of  motion  cues.... The  data  of  the  individual 
subjects  permit  differences  among  the  data  due  to  subject 
differences  to  be  allowed  for”  (Shirley,  1968).  In  other 
words,  there  are  group-specific  outcomes;  however,  group 
functions  are  manufactured  out  of  individual  differences.  This 
averaging  is  performed  in  order  to  obtain  general  functions. 

It  needs  to  be  recalled,  however,  that  even  in  a  careful 
control-theory  experiment  individual  differences  are  present, 
and  that  the  stimulus  properties  employed  in  the  models  may, 
more  or  less,  fit  an  idual  case.  It  is  not  suggested  that  all 
simulators  need  to  be  individually  tailored  for  inertial 
inputs,  but  it  needs  to  be  understood  that  all  averaging 
techniques  are  compromises  for  some  operators.  Perhaps 
simulator  distress  occurs  because  of  a  particular  mismatch  of 
signals  for  an  individual  that  may  not  be  noticed  as 
conflicting  by  subjects  with  different  sensory  transduction 
characteristics. 

The  overwhelming  evidence  for  individual  differences  in 
response  to  intensitive  stimuli  suggests  that  simulator  visual 
and  inertial  inputs  are  not  phenomenally  of  the  same  intensity 
across  all  people  (Benson  and  Reason,  1966).  The  conclusion  is 
inescapable;  much  simulator  sickness  may  be  due  to  stimuli  that 
are  discordant  for  some  individuals  but  not  for  others. 

Solutions  to  this  problem  include  better  definition  of  the 
frequency  response  of  visual  and  inertial  presentator 
individuals  and  for  groups. 

Individual  differences  in  past  experience  are  positively 
correlated  with  increased  motion  sickness  susceptibility  in 
simulators  (Reason,  1968).  Others  have  shown  individual 
differences  in  figural  aftereffects  (Over,  1970),  apparent 
motion  thresholds  (Henn,  Cohen,  and  Young,  1980),  simulator 
sickness  (Barrett  and  Thornton,  1970),  perception  of  velocities 
and  accelerations  (Puig,  1970),  and  exposure  history  as 
measured  by  a  motion  sickness  questionnaire  (Reason  and 
Graybiel,  1972).  We  believe  that  study  of  the  neuropsychologic 
origins  of  these  individual  differences  will  be  a  profitable 
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line  of  investigation,  both  from  the  standpoint  of 
understanding  what  causes  simulator  sickness,  in  order  to 
prevent  it,  and  also  to  offer  individual  simulator  regimens  to 
susceptible  persons. 

MOTION  SICKNESS.  Reason  (1969)  has  posited  that  purely  visual 
stimulation  can  provoke  motion  sickness  symptoms  if  the  visual 
angle  subtended  by  the  stimulus  is  sufficiently  large,  and  the 
visual  stimulus  is  of  the  sort  that  would  normally  be 
accompanied  by  vestibular  stimulation.  In  other  words, 
expectancy  from  past  experience  sets  up  a  correlation,  and  when 
new  events  do  not  agree  with  expectancy,  the  lack  of 
correlation  provokes  sickness  (shown  unequivocably  by  Dichgans 
and  Brandt,  1973).  It  follows  that  more  conflict  may  be  more 
provoking  and  the  question  of  how  to  quantify  the  size  of  the 
conflict  puzzles  cue  conflict  theorists.  We  believe  that  the 
magnitude  of  this  conflict  is  proportional  to  the  sensitivity 
of  the  two  channels  involved  at  the  point  where  they  are  not  in 
accord.  If  both  of  the  sensory  channels  involved  are  within 
ranges  where  both  are  sensitive,  then  the  lack  of  accord  will 
be  more  disturbing  than  if  the  lack  of  concordance  was  in  a 
stimulus  range  beyond  the  sensitivity  of  one  or  both  channels. 
These  points  are  important  in  terras  of  both  the  filter  concept 
and  the  channel  concept  (Regan  and  Beverly,  1982)  which,  in 
turn,  may  be  a  useful  explanatory  principle  for  simulator 
sickness.  Since  we  claim  that  the  magnitude  of  the  conflict 
may  be  proportional  to  the  sensitivity  of  a  particular  channel, 
this  would  imply  that  if  one  is  outside  the  good  sensitivity 
region  of  either  the  vestibular  or  the  visual  system,  sickness 
should  be  reduced.  For  this  reason,  we  suggest  that  detuning 
either  the  visual  or  vestibular  system  will  reduce  the  conflict 
and  thereby  the  symptoms. 

MOTION  PERCEPTION.  Papers  by  Regan  and  Beverley  (1973,  1982), 
"Dealing  with  Disparity  Detectors  in  Human  Depth  Perception" 
and  "Confounding  the  Direction  We  Are  Looking  with  the 
Direction  We  Are  Moving,"  suggest  that  perceptions  in  a 
simulator  may  not  be  identical  with  perceptions  in  the  real 
world.  For  example,  although  parallax  can  be  created  in 
simulators  and  relative  motions  can  be  produced  similar  to 
those  experienced  in  the  real  world,  this  only  is  true  when  the 
eye  is  fixed  relative  to  the  cockpit.  However,  head  movements 
often  occur  incidental  to  the  cockpit  movement  and  parallax,  as 
one  experiences  in  the  real  world,  only  occurs  when  the  head  is 
stationary  relative  to  the  cockpit.  These  differences,  plus 
the  fact  that  distortion  increases  the  further  the  eye  moves 
from  the  design  eye  position,  need  to  be  examined.  The 
research  literature  on  prismatic  displacement  (i.e.,  Held, 

1970)  may  provide  useful  leads.  Miller  and  Goodson  (1958)  make 
a  very  similar  point  in  discussing  issues  other  than  cue 
conflict  that  they  believed  contributed  to  the  high  sickness 
rates  of  the  2FH2  helicopter  simulator. 
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In  a  paper  by  Wist,  Diener,  Dichgans,  and  Brandt  (1975)  it 
was  found  that  with  the  angular  speed  of  the  visual  surround 
held  constant,  perceived  speed  and  rotary  self-motion  increased 
linearly  with  increasing  perceived  distance.  Subjective  speed 
as  a  function  of  perceived  distance  using  computer  image 
generation  should  be  studied  psychophysically .  Such  studies 
could  provide  important  information  for  design  criteria  for 
simulators . 

Both  Kinchla  (1971)  and  the  work  of  Harrington  and 
Harrington  (1978a,  b)  suggest  that  the  two  kinds  of  motion  -- 
absolute  motion  perception  (seen  in  an  otherwise  homogeneous 
visual  field)  and  relative  motion  perception  --  are  used  in  the 
real  world.  Simulators  should  be  checked  to  determine  whether 
they  veridically  represent  these  motions.  To  the  extent  that 
the  perception  of  both  relative  and,  particularly,  self-motion 
is  more  difficult  in  the  simulator  than  in  life,  this  may 
contribute  to  simulator  sickness. 

FOCAL  AND  AMBIENT  VISUAL  SYSTEMS.  According  to  Leibowitz, 

Post,  Brandt,  and  Dichgans  (1982),  "The  peripheral  visual 
fields  play  a  major  role  in  spatial  orientation.  In  a 
simulator,  the  question  of  how  much  of  a  peripheral  visual 
field  should  be  stimulated  is  important,  both  with  respect  to 
transfer  of  training  and  economic  considerations. . .A  number  of 
studies  suggested  during  psychological  or  physiological  stress, 
the  functional  visual  fields  are  narrowed,  but  the  implications 
of  this  literature  are  not  clear.  We  have  suggested  the 
possibility  that  under  some  kinds  of  stress,  narrowing  may  be 
limited  to  focal  processing  while  ambient  functions  remain 
intact."  These  same  authors  have  also  indicated  that  the 
ambient  visual  system  in  spatial  orientation  may  be  contrasted 
with  the  focal  visual  system.  The  latter  has  a  multisensory 
basis  of  orientation,  and  disorientation  is  assumed  to  result 
from  a  mismatch  in  comparison  either  with  the  previous 
experience  of  the  individual  or  of  the  simultaneously  occurring 
signal  patterns.  They  suggest  that  disorientation  in  aircraft 
under  instrument  flight  conditions  may  result  from  the 
substitution  of  an  unnatural  symbolic  indicator  to  replace  the 
visual  stimuli  normally  involved  in  orientation  and  the  failure 
of  learned  cognitive  skill  to  compensate  for  mismatched 
signals.  Attributes  of  these  two  modes  of  processing  spatial 
information  need  to  be  better  understood. 

"The  complexity  of  the  visual  field  was  an  important 
determiner  of  the  dominance  of  visual  factors.  In  a  well- 
structured  field,  motion  and  flicker  could  be  integrated; 
whereas,  in  a  field  with  poor  differentiation,  the  visual  world 
and  the  visual  field  cannot  be  distinguished  from  one  another" 
(Gibson,  1950,  p.  637).  For  example,  the  focal  visual  system 
is  sensitive  to  high  spatial  frequency  detail,  as  one  would 
experience  in  a  computer-generated  image;  the  ambient  visual 
system  to  middle  and  lower  spatial  frequency  detail,  to  large 
objects,  wide  fields  of  view,  and  briefly  (<  70  msec)  presented 
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stimuli.  We  believe  that  spatial  frequency,  contrast,  and 
luminance  may  be  useful  in  minimizing  simulator  sickness 
because  of  their  differential  influence  on  ambient  and  focal 
visual  systems. 

Disruptions  of  off-axis  viewing  are  likely  due  to  focal 
problems,  whereas  rapidly  moving  wide  f ield-of-view  stimuli,  as 
in  the  Air  Combat  Maneuvering  Simulator  2E6,  may  lead  to 
discomfort  due  to  disruptions  of  ambient  systems,  it  is  not 
inconceivable  that  there  are  visual/visual  conflicts  wherein 
the  focal  and  ambient  are  not  in  accord  in  the  same  way  that 
vestibular/vestibular  conflicts  (where  the  canals  and  the 
otoliths  purportedly  are  in  conflict)  have  been  speculated  to 
be  a  problem  in  space  flight  and  in  rotating  centrifuges  (cf. 
Guedry,  1968). 

In  a  review  paper  by  Stenger,  Zimmerlin,  Thomas,  and 
Bronstein  (1981),  the  authors  comment  that  most  CIG  systems  do 
not  produce  a  strong  impression  of  self-motion.  One  wonders 
whether  the  CIG  displays  have  a  high  concentration  of  high 
spatial  frequency/high  contrast  imagery  which  forces  the  focal 
visual  system  to  conflict  with  the  ambient  visual  system.  This 
conflict  may  be  less  imposing  with  model  board  displays  which 
may  not  set  off  so  much  apposition  between  these  two  visual 
systems  in  wide  FOV  displays.  The  conflict  between  these  two 
visual  systems,  if  it  occurs,  while  it  may  not  produce  vomiting 
and  nausea,  may  challenge  the  adaptive  characteristics  of  the 
subject's  nervous  system  and  the  extra  energy  expended  in 
"writing  new  software"  may  produce  drowsiness.  It  would  also 
be  interesting  to  determine  whether  a  spectral  analysis  of 
visual  information  is  different  for  model  board  and  CIG 
displays . 

The  prismatic  adaptation  which  can  occur  during  scotopic 
and  photopic  stimulus  conditions  (Graybiel  and  Held,  1970) 
implies  that  the  ambient  visual  system  and  the  focal  system  can 
both  adapt  to  prismatic  rearrangement.  It  follows  that  it 
would  be  possible  for  the  ambient  and  the  focal  systems  to  be 
in  conflict  with  each  other.  Held  (1970)  has  pointed  out  that 
while  wearing  prisms  the  ambient  functions  such  as  eye-head 
coordination  adapt  readily,  nut  distortions  of  perceived  shape 
persist.  It  is  conceivable  that  motion  sickness-like  symptoms 
in  the  form  of  neurovegetative  discomfort  are  associated  with 
disruption  of  the  ambient  system;  while  other  forms  of 
simulator  distress  (distortions  of  depth  of  field,  perceived 
shape)  may  be  due  to  perturbations  in  focal  system 
functioning.  It  is  attractive  to  hypothecate  that  the  former 
may  occur  with  wide  f ield-of-view  systems  and  the  latter  to  CIG 
systems,  but  this  notion  may  be  too  speculative  for  the  data. 

Leibowitz  and  Post  (1982)  have  stated  "Metamorphosia 
resulting  from  'buckling*  of  the  retina  produces  an  irregular 
distortion  of  the  retinal  image  which  usually  cannot  be 
compensated  optically"  (viz.,  Duke-Elder,  1966).  Because  the 
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distortion  of  perceived  shapes  shows  little  adaptation,  it  is 
very  disruptive  to  the  patient  when  in  central  vision. 
"Treatment"  involves  blurring  the  distorted  image  (p.  349). 
Under  circumstances  where  distortion  of  focal  inputs  may  be  a 
cause  of  discomfort,  blurring  may  be  a  useful  remedy.  This 
should  be  explored. 
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RELATIONSHIP  BETWEEN  PERCEPTUAL  STYLE 
AND  SIMULATOR  SICKNESS 

GERALD  V.  BARRETT  and  CARL  L.  THORNTON 
Goodyear  Aerospace  Corporation ,  Akron ,  Ohio 

Simulator  sickness  was  bypothesued  to  be  caused  by  the  conflict  between  the 
visual  presentation  of  apparent  motion  and  the  lack  of  any  corresponding  body 
sensation  of  motion.  The  hypothesis  was  tested  by  correlating  individual  differ¬ 
ences  in  scores  on  the  Rod  and  Frame  Test  (RFT;  which  measures  accuracy  of 
adjustment  of  a  rod  to  true  vertical  under  conditions  of  visual-kinesthetic  con¬ 
flict)  and  degree  of  simulator  sickness.  The  data  for  Scries  3  of  the  RFT  and 
the  indcses  of  sickness  were  best  represented  by  hyperbolic  functions  yielding 
correlations  of  .40-.52.  Implications  for  simulation  technology  and  for  a  general 
conflict  of  cue  theory  are  discussed  with  emphasis  on  supporting  evidence 


from  several  areas  of  investigation. 

Since  World  War  II,  simulators  have  been 
developed  which  give  the  visual  illusion  of 
motion  without  any  actual  physical  motion. 
Unfortunately,  certain  5s  became  ill  while 
operating  these  devices.  The  illness  phe¬ 
nomenon  was  first  intensively  studied  by  Mil¬ 
ler  and  Goodson  (19SS,  I960),  who  labeled  it 
motion  sickness  because  the  symptoms  re¬ 
sembled  those  experienced  by  some  people  in 
moving  vehicles.  There  was,  however,  no  rea¬ 
son  to  prematurely  so  label  this  phenomenon 
motion  sickness  since  motion  is  not  involved 
in  fixed-base  simulators.  As  Tyler  and  Bard 
(1949)  have  pointed  out,  the  primary  cause 
of  motion  sickness  is  probably  motion,  and 
the  failure  to  appreciate  this  fact  can  lead  to 
confusion  in  conceptualization.  In  this  paper 
the  term  "simulator  sickness,"  rather  than 
motion  sickness,  will  be  used  to  denote  the 
symptoms  which  occur  in  fixed-base  simu¬ 
lators  incorporating  a  moving  visual  scene. 

A  number  of  hypotheses  have  been  in¬ 
formally  advanced  to  explain  simulator  sick¬ 
ness:  distortion  of  vertical  objects,  rapid 
change  in  brightness,  too  much  detail,  poor 
resolution,  excessive  lag  between  simulator 
controls  and  corresponding  shift  In  visual  dis¬ 
play,  high-frequency  vibrations  which  disrupt 
accommodation,  distance  between  the  visual 
display  and  the  observer  such  that  accom¬ 
modation  is  different  from  that  usually  ex¬ 
perienced,  and  conflict  between  the  apparent 
motion  seen  on  the  visual  display  and  lack  of 
any  corresponding  motion  of  the  simulator. 


This  last  hypothesis  was  investigated  in  the 
present  study. 

Several  other  conflict  situations  have  been 
found  to  produce  sickness.  Wood  (1S95)  de¬ 
scribed  an  amusement  park  device  with  a  large 
immobile  swing  inside  a  movable  room.  When 
the  room  moved  many  individuals  experienced 
considerable  discomfort.  Crampton  and  Young 
(19S3)  induced  nausea  in  5s  sealed  in  a  fixed 
chair  in  the  center  of  a  rotating  room.  Dis¬ 
comfort  lasted  for  some  time  after  the  ex¬ 
perience,  for  one  5  up  to  2  days.  This  wide 
range  of  sickness  time  (from  0  to  43  hr.)  is 
noteworthy,  since  all  5s  were  subjected  to  the 
same  experience. 

While  conflict  between  visual  and  body 
cues  may  be  the  dominant  cause  of  simulator 
sickness,  other  factors  such  as  type  of  simu¬ 
lator,  fidelity  of  simulation,  5*s  experience, 
and  S’s  involvement  are  also  important.  Fixed- 
base  simulators  may  have  two  types  of  visual 
displays:  outsidc-in  (0-1),  such  as  a  child’s 
remote  control  car,  or  inside-out  (I-O),  in 
which  the  operator  views  the  scene  as  he 
would  from  inside  a  real  vehicle.  While  sick¬ 
ness  has  been  quite  common  with  an  1-0 
display,  none  has  been  reported  for  O-I  simu¬ 
lators.  Low  involvement  resulting  from  being 
unable  to  put  oneself  psychologically  into  the 
vehicle  is  probably  the  reason  that  O-I  dis¬ 
plays  do  not  cause  sickness.  A  comparison  of 
1-0  and  O-I  displays  (Matheny,  Dougherty, 
tc  Willis,  1963)  revealed  that  performance 
improved  with  an  1-0  display  (but  not  0*1) 
when  motion  cues  were  added.  Since  the  op- 
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::  crator  "expects”  motion* in  an  1-0  situation, 
.7  cue  conflict  which  leads  to  sickness  and/or 
*  decrement  in  performance  can  occur  when 
■*  such  expected  motion  is  not  present. 

Concerning  5’s  experience,  Miller  and  Good- 
son  (195S)  found  that  60%  of  the  experienced 
helicopter  pilots  but  only  12%  of  the  student 
pilots  tested  reported  simulator  sickness. 
There  was  probably  no  cue  conflict  for  the 
student  pilots  since  they  had  not  learned  the 
particular  body  inputs  which  occur  during 
helicopter  operation,  Fitts  (1951)  suggested 
that  visual  control  was  important  when  an 
individual  first  learns  a  perceptual-motor 
task,  and  proprioceptive  feedback  or  “feel” 
becomes  more  important  as  experience  in¬ 
creases.  Fleishman  and  Rich  (1963),  for  ex¬ 
ample,  using  predictors  of  a  perceptual-motor 
task,  found  that  a  visual  test  correlated  sig¬ 
nificantly  with  the  task  in  early  but  not  later 
trials.  Conversely,  a  kinesthetic  test  cor¬ 
related  on  the  later  but  not  the  early  trials. 
This  indicates  that  initially  visual  cues  guide 
performance,  but  with  experience  individuals 
sensitive  to  proprioceptive  cues  can  become 
most  proficient. 

The  importance  of  body  cues  was  also 
demonstrated  by  a  factor  analysis  of  12  driv¬ 
ing  tests  (Herbert,  1963),  One  of  the  main 
factors  was  labeled  proprioception  because  of 
the  high  loading  of  a  nonvisual  driving  task. 
Experience  with  the  necessary  proprioceptive 
feedback,  then,  appears  to  be  necessary  before 
cue  conflict  can  result. 

.  Fidelity  of  simulation  would  be  the  degree 
to  which  the  simulated  conditions  approach 
conditions  of  the  real  world.  If  the  simulator 
were  of  low  fidelity  no  conflict  or  sickness 
would  result  since  Ss  cannot  become  involved 
in  the  very  unrealistic  task. 

The  5$  will  also  not  become  involved  in 
the  task  if  they  have  a  "play  set,”  Their  be¬ 
havior  will  not  be  pertinent  to  good  driving 
performance  with,  for  example,  an  attempt  to 
crash  the  simulated  vehicle.  Low  involvement 

*  yields  no  conflicting  cues  and  therefore  no 
:  simulator  sickness.  This  conclusion  is  con¬ 
sistent  with  the  finding  that  people  do  not 
become  ill  in  amusement  park  simulators  even 

*  though  all  the  other  necessary  conditions  may 
be  present. 


Recently  Barrett  and  Nelson  (1965d,  1966b)  ~ 
evaluated  an  automobile  simulator  which  had  2: 
all  the  aforementioned  parameters:  high  v 
fidelity,  1-0  display,  and  experienced  and  in-’* 
volved  5s.  They  found  symptoms  which  were 
quite  similar  to  those  reported  in  previous 
simulator  research,  including  cold  sweating, 
upset  stomach,  vertigo,  dizziness,  nausea, 
feeling  of  faintness  and  disorientation.  About 
half  of  the  5s  became  too  ill  to  continue  after 
only  5-10  min.  Two  5s  became  so  ill  as  to 
regurgitate. 

A  research  program  was  initiated  to  test 
the  cue  conflict  and  conflict  sensitivity  hy¬ 
pothesis,  as  measured  with  a  Rod  and  Frame 
Test  (RFT)  apparatus  following  the  field- 
dependence  conceptualization  of  Witkin, 
Lewis,  Hertzman,  Macbover,  Meissner,  and 
Wapner  (1954).  Field-independent  5s  were 
deemed  more  sensitive  to  body  cues  than  field- 
dependent  5s.  On  this  basis  it  was  predicted 
that  the  field-independent  5s  would  experi¬ 
ence  more  discomfort  in  the  simulated  situa¬ 
tion  than  field-dependent  5s, 

Method 

Automobile  Simulator 

An  unprogrammed  automobile  simulator  was  the 
basic  research  tool.  A  terrain  model,  an  $?:i  (HO 
(luge)  scale  representation  of  several  flat  roads,  sup¬ 
plied  the  visual  scene.  Mounted  above  the  terrain 
model  was  a  television  camera  with  motions  in  di¬ 
rect  response  to  the  movements  of  the  brake,  ac¬ 
celerator,  and  steering  wheel  of  the  automobile.  Thus, 

5  bad  complete  control  over  the  part  of  the  ter¬ 
rain  model  that  the  camera  traversed. 

A  projected  Image  visual  display  was  used  with 
ball  of  the  Si  and  a  virtual  image  display  with  the 
remainder.  Both  visual  displays  gave  the  driver  ap¬ 
proximately  a  50*  horizontal  angle  view  of  the  ter¬ 
rain  model  and  a  center  resolution  of  approximately 
500  lino.  There  was  no  significant  difference  between 
the  displays  in  the  percentage  who  left  the  simulator 
because  of  discomfort.  Therefore,  the  two  displays 
were  considered  to  be  functionally  equivalent.  With 
*ach  visual  display  the  driver  ut  in  the  automobile 
and  performed  the  usual  control  movements  as¬ 
sociated  with  driving  a  car,  A  more  detailed  descrip¬ 
tion  of  the  simulator  and  auodated  visual  displays  ; 
has  been  reported  by  Barrett  and  Nelson  (1965c,  T 
1966a). 

Perceptual  style  was  measured  with  a  standard  * 
RFT  (Wilkin  et  al,  1954).  The  apparatus  consisted 
of  a  luminous  frame  (40  in,  sq  )  pivoted  at  its 
center  so  that  it  could  be  tilted  left  or  right.  Pivoted 
at  the  same  center,  but  moving  independently  of 
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TABLE  1 


Relationship  between  Perceptual 
'  Style  and  Discomfort 

tt - -  ■■  . 


Rod  and  frame  measures 


Measure  of 


discomfort  | 

l/s, 

l/S* 

1/S. 

i/OI 

Discomfort 

.14 

.13 

.40* 

.23 

Illness  after 

.22 

.31 

.52** 

.44* 

No.  trials 

-.22 

-.11 

-.45** 

-.25 

Stayed  left 

-.18 

— .t4 

-.47** 

-.26 

Note. — Si  -Serif*  I ,  St 
uti*n  Index. 

•>  C.Ol. 

•*#  <.00t. 


Series  2 ;  S»  •  Series  3 ;  01  •  Orien- 


the  frame,  was  a  luminous  rod  (39  in.).  The  5  was 
seated  8  ft.  from  the  rod  and  frame  in  a  chair  which 
could  be  placed  in  three  positions:  erect,  tilted  28* 
to  the  left,  or  tilted  28*  to  the  right.  Testing  was 
done  in  a  completely  darkened  room  and  5  wore 
goggles  with  dark  lenses  so  that  he  could  set  only 
the  rod  and  frame. 


Subjects  s 

A  random  sample  of  50  male  5s  between  the  ages 
of  30  and  45  were  selected  from  approximately  1,200 
employees  in  an  engineering  division  of  an  aerospace 
corporation.  Approximately  6  mo.  after  the  comple¬ 
tion  of  the  simulator  evaluation,  46  5s  (23  from  each 
display)  were  able  to  be  recontacted  and  tested  with 
the  RFT. 


Procedure  for  Automobile  Simulator 
Investigation 

Each  5  drove  three  orientation  trials  around  the 
terrain  model  followed  by  a  pretrial  run  for  i  study 
of  driving  at  requested  speed,  After  miking  the 
tenth  and  final  speed  judgment,  5  was  exposed  to  an 
emergency  situation  where  he  had  to  stop  for  a 
suddenly  emerging  pedestrian  dummy.  The  pro¬ 
cedures  have  been  described  In  greater  detail  by 
Barrett  and  Nelson  (1965a,  1966b).  During  the  evalu¬ 
ation  of  the  simulator,  5  was  observed  by  tht  ex¬ 
perimenter.  If  5  complained  of  discomfort  be  was 
told  tbit  he  was  free  to  leave  at  any  time. 


RFT  Procedure 

Approximately  6  mo.  after  the  data  emergency  be¬ 
havior  study,  the  perceptual  styte  of  5»  was  measured 
following  the  standard  procedure  (Witkin  et  al„ 
1954).  Series  1  (S»)  oi  the  RFT  consisted  of  eight 
trials  In  which  5  and  the  frame  were  tilted  28*  In 
the  same  direction;  Series  2  (Si)  were  eight  trials  In 
which  5  and  frame  were  tilted  28*  in  opposite  di¬ 
rections;  Series  3  (S.)  consisted  of  eight  triats  with 
the  frame  tilled  28*  to  the  right  or  left  while  5  re¬ 
mained  upright.  The  5*s  task  was  to  position  the  rod 
to  uhal  he  considered  to  be  true  vertical  by  asking 


the  experimenter  to  move  the  top  of  the  rod  right 
or  left.  The  5*s  score  was  the  number  of  degrees  in 
error  in  each  series.  In  addition,  an  Orientation  In¬ 
dex  (OI)  was  computed  from  the  standard  scores  of 
the  three  series. 

Results 

Four  measures  of  discomfort  were  com¬ 
pared  to  RFT  scores.  The  first  measure  was 
Sy$  rating  of  discomfort,  using  a  0-10  graphic 
rating  scale.  The  scale  was  part  of  a  10-item 
questionnaire  concerning  the  simulator  which 
was  administered  6  mo.  after  the  simulator 
study.  A  second  questionnaire  measure  was 
5’s  estimate  of  the  length  of  time  after  leaving 
the  simulator  that  the  discomfort  persisted — 
termed  “illness  after.”  Responses  to  this  ques¬ 
tion  ranged  from  zero  illness  to  48  hr.  Third, 
the  number  of  trials  5  was  able  to  remain  in 
the  simulator  was  used  as  an  index  of  dis¬ 
comfort.  The  range  was  from  1/4  trial  to 
completion  (14  trials).  Fourth,  5s  were  di¬ 
vided  into  two  categories:  those  who  com¬ 
pleted  all  trials  and  those  who  did  not.  Twenty- 
three  of  46  5s  were  able  to  complete  the 
simulator  study. 

Linearity  was  approximated  by  reciprocal 
transformations  of  the  perceptual  style  mea¬ 
sures.  Correlations  are  shown  in  Table  1‘ 
where  it  can  be  seen  that  the  only  consistently 
significant  relationships  were  between  S»  and 
the  four  measures  of  sickness. 

Table  2  shows  an  apparent  threshold  phe¬ 
nomena.  The  5s  were  classified  according  to 
an  adult  standardization  sample  for  S%  (Wit- 
kin  et  al.,  1954)  with  those  who  were  either 
1  standard  deviation  above  or  below  the  mean 
labeled  extreme  field  dependent  or  extreme 

TABLE  2 


Relationship  between  Leaving  Siuiutq*  and 
Perceptual  Style  Classjtication 
on  Scries  3 


Subject 

Extreme 

field 

inde¬ 
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Field 
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pendent 

Field 

depend¬ 

ent 

Extreme 

field 

depend¬ 

ent 

Left  simulator 

12 

6 

2 

3 

W  -  23) 

Remained  In 

21 

2 

simulator 

| 

(A*  -  23) 
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field  independent.  All  the  extremely  field-in- 
;:depende»t  Ss  left  the  sinv.:'ator. 

”  In  order  to  determine  if  other  aspects  of  the 
:  *RFT  test  would  significantly  add  to  the  re¬ 
lationship,  multiple-regression  equations  were 
calculated  .using  x,  x*,  1/x,  in  x-data  trans¬ 
formations  of  Sj,  S2|  S3,  and  OI«  No  measures 
were  found  to  add  significantly  to  the  variance 
accounted  for  by  S3. 

Mention  should  be  made  of  the  possible  rea- 
son  for  S3  being  the  only  measure  which  was 
related  to  simulator  discomfort.  Witkin  et  al. 
(1954)  statistically  analyzed  10  perception 
subtests  and  found  three  general  groupings. 
S3  was  not  in  the  same  grouping  of  perception 
tests  as  were  Si  and  S;.  indicating  that  the 
RFT  taps  at  least  two  perceptual  factors  and 
that  only  one  of  them  was  related  to  simu¬ 
lator  sickness. 

"  Discussion 

If  the  conflict  of  cue  hypothesis  is  correct, 
an  obvious  remedy  to  the  simulator  sickness 
problem  is  to  introduce  a  certain  degree  of 
physical  motion  into  the  simulated  system. 
An  interesting  question  is  the  degree  of  mo¬ 
tion  required  to  give  the  necessary  body  cues. 
Simple  random  vibration  may  be  enough  to 
eliminate  the  cue  conflict,  a  possibility  having 
considerable  practical  and  economic  import 
for  the  simulation  art. 

Besides  the  specific  cue  conflict  when  mo¬ 
tion  is  lacking,  the  results  may  have  implica¬ 
tions  for  motion  sickness  research,  in  which 
case  motion  is  present  with  inappropriate  or 
missing  visual  cues.  Tin's  is  supported  by  the 
finding  that  those  who  experience  motion 
sickness  were  also  likely  to  experience  sick¬ 
ness  in  a  conflict  situation  (Crampton  & 
Young,  1953).  It  has  been  reported  (Clark, 
1963)  that  some  pilots  become  disoriented 
while  flying  in  extreme  haziness  or  cloud 
covering.  They  may  be  receiving  adequate 
motion  cues  but  not  the  corresponding  visual 
inputs.  In  much  the  same  manner,  while  flying 
under  instrument  conditions  (again  motion 
but  no  vision),  some  pilots  become  dis- 
-oriented  and  mistrust  their  instruments. 

;  Simulation  of  zero  gravity  in  aircraft  pro¬ 
duced  illness  for  50-70/O  of  the  Ss  tested  by 
^Loftus  (1963).  It  Is  possible  that  cue  con* 
‘•flict  experienced  in  this  unusual  situation  in¬ 


duced  the  illness.  The  finding  that  labyrin¬ 
thine-defective  5s  (fewer  body  cues)  showed 
no  signs  of  zero  gravity  sickness,  while  64 fo 
of  the  normal  5s  did,  supports  this  hypothesis 
(Kellogg,  Kennedy,  &  Graybiel,  1964). 

Wendt  (1951)  concluded  that  the  vestibu¬ 
lar  apparatus  per  se  causes  motion  sickness 
since  people  with  no  vestibular  sensitivity  do 
not  become  sick.  An  alternate  conclusion 
might  be  that,  since  labyrinthine-cue-related 
body  sensitivity  is  low  for  deaf  people,  it  is 
less  likely  that  they  will  experience  any  con¬ 
flict  in  cues. 

It  is  possible  that  both  cue  conflict  and 
vestibular  stimulation  are  important,  but  under 
different  conditions.  Walsh  (1962)  oscillated 
5s  in  the  horizontal  plane.  At  1  cps  the  Ss 
correctly  felt  they  were  traveling  in  a  given 
direction.  When  the  oscillations  were  1/3  cps 
or  slower,  the  sensations  of  moving  were  in 
anticipation  of  the  motion,  there  being  a 
phase  advance.  Sensations  of  motion  in  one 
direction  were  frequently  aroused  when  the- 
person  was  still  traveling  rapidly  in  the  op¬ 
posite  direction,  thus  conflict.  It  is  possible 
that  motion  sickness  may  have  different  causes 
depending  upon  the  rate  of  motion.  At  slow 
rates  the  conflict  of  cues  may  apply;  with 
greater  accelerative  forces  the  associated 
symptoms  might  be  due  to  excessive  stimula¬ 
tion  of  the  vestibular  mechanism. 

The  fact  that  pilots  and  drivers  rarely  be¬ 
come  sick  and  passengers  often  do  (Tyler  & 
Bard,  1949)  can  be  explained  by  the  conflict 
of  cue  hypotheses.  Since  the  driver  receives 
direct  feedback  from  the  vehicular  controls,  it 
is  understandable  that  he  does  not  experience 
conflict,  while  the  passenger  has  no  such 
referent  and  may  become  ill. 

The  question  remains  as  to  why  certain 
field-dependent  people  became  ill  In  the  simu¬ 
lator  situation.  Other  variables  such  as  the 
physical  condition  of  5s  may  have  had  some 
influence.  Another  explanation  can  be  found 
from  early  perceptual  style  research.  Witkin 
et  al.  (1954)  stated  that  some  Ss  experienced 
great  difficulty  in  making  1  judgment  on  the 
Body  Adjustment  Test.  They  appeared  to  be 
influenced  by  the  visual  scene  but  also  aware 
of  body  position.  Being  unable  to  consistently 
utilize  body  position,  their  responses  were 
quite  variable.  They  eventually  become  dis- 
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•  oriented,  with  some  experiencing  physical  dis¬ 
comfort  akin  to  simulator  sickness.  The  field- 
dependent.  Ss  who  function  in  this  manner 
may  also  experience  simulator  sickness.  To 
probe  this  possibility  the  10  most-field-de- 
pendent  5s  were  compared  as  to  variability  of 
responses.  Of  the  five  sick  Ss,  four  were  ex¬ 
tremely  variable  (range  =  20*)  and  four  of 
the  five  nonsick  Ss  were  very  consistent  in 
their  responses  (range  =  5°).  While  the  re¬ 
sults  were  suggestive,  a  large  subsamplc  would 
be  required  for  statistical  confirmation. 

Although  cue  sensitivity  in  terms  of  per¬ 
ceptual  style  appears  to  explain  the  extreme 
discomfort  that  some  people  experience,  Wit- 
kin,  Dyk,  Faterson,  Goodenough,  and  Karp 
(1962)  recently  discussed  perceptual  style  in 
terms  of  being  able  to  extract  an  item  from 
an  embedded  context.  The  results  of  the  study 
could  be  explained  in  these  terms  also.  In  a 
simple  laboratory  study  of  kinesthetic  sensi¬ 
tivity  where  cues  are  isolated  there  may  be 
no  differences  between  field-dependent  and 
field-independent  Ss.  However,  in  the  com¬ 
plex  simulator  (an  embedding  context)  the 
field-independent  person  may  be  more*  aware 
of  the  cues  which  are  in  conflict  (i.e.,  can 
disembed  them),  and  thus  he  becomes  ilk 
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m:.KC.HPTtlAI.  VURTICjO:  A  DIMUNSIONAI.  STUDY 
ROUrR  r  C.  UKNFARI 

f  .V.  S*it  j1  Truiuiuj*  /V/ /<*•  Ct  Put  l  H*«o  &/«£//»;/,  //•  V##*/ 

5*r^iwr). — Nine  S%  were  untl  in  jn  experiment  to  itckrmitU’  tin-  vital' 
of  jviiplural  flicker  anil  the  ilc.urcc  of  structure  »if  the  stimulus  liwM  upuii  the 
incidence  ami  degree  of  vettigo.  The  |;rc«ip^  of  .Vs  svere  dclitud  as  (a»  Sus¬ 
ceptible,  <bj  Ntm -susceptible,  ami  <r;  a  highly-trained  Aviator  group.  Visual 
presentation  \J  the  stimuli  wa>  accomplished  by  mean*  of  a  lienmpher.il  scene 
ind  a  widv-«uif,le  lens  system.  i$  vetbal  responses  wete  recorded  ami  atuly/rJ. 

The  groups  responded  with  a  greater  degree  of  vertiginom  response  to  the  stimuli 
of  peripheral  linker  in  a  tie  Id  of  low  structure. 

Prev  ious  research  in  the  area  of  motion  sickness  has  centered  around  the 
search  for  the  environmental  and  physical  coudiritms  that  gave  rise*  to  this  func¬ 
tional  disorder.  Some  of  the  older  theories  of  motion  sickness  or  vertigo  have 
stated  tlut  the  causes  for  the  symptoms  were  related  to  two  factors,  t;U 
ovcrstiiTtuIarion  of  the  nervous  system  and  (b)  the  interaction  of  conflicting 
stimulation  of  different  receptors  in  the  organism  (Miller  &  Goodson,  195S). 
In  addition  to  these  two  theories,  recently  there  have  been  explanations  in  terms 
of  perceptuat  activity,  such  as  the  analysis  and  integration  of  sensory  inputs 
from  the  stimulus  field  (Steele,  1%1)*  In  a  number  of  incidents,  such  as  in 
distorted  lens  experiments,  observations  in  cinerama  presentation  and  in  experi¬ 
ments  with  rotary  visual  field  (Crampton,  1955),  there  have  been  reports  of 
motion  sickness.  The  role  of  vision  or  perception,  as  an  independent  factor  in 
motion  sickness,  was  corroborated. 

It  was  the  intent  of  the  present  research  to:  fa)  demonstrate  that  visual 
stimuli  can  affect  the  incidence  of  motion  sickness  and  (b)  isolate  the  particular 
stimulus  dimensions  that  were  effective  in  producing  the  phenomenon.  In  the 
past  it  has  been  shown  that  a  rotating  cylinder,  total  field  flicker,  and  reversal 
lenj  can  produce  the  effect  (Vogel,  1931).  The  present  design  attempted  to 
use  stimulus  variables  that  corresponded  very  closely  to  Gibvm‘s  concept  of  the 
visual  world  (Ciibson,  1950),  i.e.,  structured  stimuli  such  as  objects  in  a  real 
wxirld  (rntmoo  picture  presentation  of  a  vehicle  which  moved  in  various  per¬ 
ceptual  contexts).  By  carefully  constructing  and  analyzing  the  film  sequences, 
dimensions  were  varied  so  as  to  permit  systematic  analysis  of  certain  independent 
variables  such  as  flicker,  figure-ground  differentiation  (contrast  of  the  field), 
and  velocity. 

Research  using  physiological  measurements  of  bliHnl  sugar  level,  respiration, 
blood  pressure,  GSR,  REG  and  centra!  retinal  arters  pressure  have  yielded  low 
Correlations  with  the  presence  of  symptom*.  For  this  reason,  introspective  rc- 
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portN  by  \s  were  used  a*  the  measure  of  the  degree  and  incidence  of  morion 
sickness  or  vertigo. 

Mimiou 

The  apparatus  included  a  35-mm.  Ashcraft  Century  Projection  Unit,  fitted 
with  a  wide-angle  lens,  a  165°  cine  dome  projection  screen*  and  selected  movie 
footage.  Tlie  cine  dome  was  an  approximate  hemisphere,  22  ft.  in  diameter. 
It  was  Constructed  of  fiberglass  and  plaster,  with  the  inner  or  reflecting  surface 
painted  white.  Fig.  !  depicts  the  shape  of  the  cine  dome  and  the  position  of 
S  during  the  experiment. 


The  film  run  consisted  of  2,000  ft,  of  35*nmv  tape.  Subject  matter  ranges! 
from  scenes  viewed  when:  (a)  driven  along  a  densely-wiiudeJ  road  at  high 
and  low  speeds,  rated  as  a  pourly-smiuurcd  field  with  peripheral  flicker;  (b) 
driven  in  and  out  of  traffic  at  dusk  (abrupt  stops  and  wrns),  rated  as  a  poorly* 
structures!  field  with  no  flicker*  (c)  driven  over  a  bridge  with  enclosed  girder 
work*,  fated  as. a  highly -structured  field  with  pcripltcral  flicker;  ami  (d)  dmen 
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TAULU  I 

OftUCK  OF  PXS*M.Nt.\TtO\  \ANO  LCNOtl!  OF  TlMISOI'  SltMOLUX 
Dimhnmon  on  Film  St ru» 

Stimulus  jnJ  Onkt  Time  (sec.) 


t  Poor  Structure — Mu  Ftkkcr  INI 

2  High  Structure — No  Flicker  I'tl 

\  P«*»r  Structure — dicker  !(*' 

i  High  Structure— Flkker  170 

Tt>ut  Time  6M 


over  a  wide-open  expanse^  rated  a*  a  highly-structured  fielil  with  no  Bicker. 
11k*  order  of  presentation  and  the  length  of  exposure  are  shown  tn  Table  I. 

A  jxxirly -structured  field  was  defined  as:  (a)  having  a  figure-ground  con¬ 
trast  ratio  of  less  than  2:1,  (b)  having  poor  ly*articu  laced  objects  in  the  field, 
(c)  lacking  a  definite  frame-of -reference  such  as  an  horizon  or  vertical  border, 
and  (<!}  having  a  relatively  homogeneous  textural  gradient. 

The  four  sequences  were  classified  with  these  criteria  in  mind.  Peripheral 
flicker  was  determined  as  present  or  absent  in  the  sequences  according  to  the 
following  criteria:  (a)  light  flickering  at  5  to  15  cps  and  lt>j  60*  from  center 
/'  urn  at  either  side  of  the  visual  field, 

\npjnctt 

Si  volunteered  from  a  larger  group  and  were  classified  according  to  their 
own  rating*  of  susceptibility  to  motion  sickness.  Ages  ranged  fre>tn  22  to  37  yr. 
*I*hrec  Si  were  rated  as  extremely  susceptible,  3  were  reported  us  not  affected,  aftd 
3  odier  S%  were  pilots  stationed  on  the  Base,  The  above  sampling  appeared  to 
cover  cIk  entire  subjective  range  td  motion  sickness  susceptibility. 

PtO€ cJurt 

S  was  placed  within  thfc  radio*  of  the  cine  dome  *0  that  ilur  screen  su!> 
tended  his  entire  range  of  vision.  The  instruct  ion*  were  that  S  was  to  report 
any  sensation,  such  is:  (a)  motion  perceived  in  the  field,  (b)  kinesthetic  or 
vestibular  sensation*  of  movement,  (£)  bodily  sensations  such  as  sweating, 
temperature  danger  stomach  cramps.  ».yc  pressure,  muscular  tension,  spatial 
*1  is* mentation,  or  di&incss.  To  each  A’  it  was  emphasised  that  all  scnv-itum*  were 
to  be  reputed  a?:  the  moment  of  incidence.  A  time-line  report  of  the  verbal 
resfx/nto  was  kept,  and  the  film  marked  tu  determine  the  stimulus  nr 
content  ihzt  corresponded  to  the  report.  17w  9  protocols  were  checked  for 
similarity  of  stimuli  anil  mpwws.  lire  first  analysis  involved  Si  comidered 
as  timer  subgroups  ( Susrcprihlc,  NomMistepobk*,  and  Aviator  (*»n>*qn).  Tile 
sccmfcj  analysis  invdved  the  |M**kd  fe*pf»Vev 
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Remits 

The  reactions  to  the  film  varied  from  extreme  motion  sickness  to  adaptive 
reactions.  Alrimu&h  the  individual  behavioral  reports  differed,  all  5s  reacted 
to  the  various  stimuli  depicted  on  the  film.  The  time-line  description  of  5“s 
verbal  report,  and  the  time-line  graph  of  the  film  $  content,  demonstrated  that 
there  were  points  of  consistent  communality  in  S$  reactions.  The  common 
elements  were  reactions  to  dunces  Ln  peripheral  flicker  in  fields  of  high  and 
low  structure. 

Sm  i'c [nihility  R  uting  s 

Tlie  individual  reactions  were  examined  according  to  prior  susceptibility  of 
5s  tu  motion  sickness.  \MTien  this  was  done,  it  was  apparent  tliat  the  susceptible 
Ss  had  the  mtM  extreme  reactions  in  that  2  of  the  3  5s  could  not  continue  testing 
after  V  min.  of  the  film  due  to  extreme  dirtiness  and  nausea.  The  third  5  con¬ 
tinued.  but  suffered  a  mild  spell  of  diiziness,  profuse  sweating*  and  blood  pres¬ 
sure  disturbances. 

Tlie  3  non-susccptiblc  5s  reported  mild  initial  reactions  of  dimness,  sweat¬ 
ing,  and  flushing,  but  in  time  the>-  tdapeed  to  the  films  stimuli.  These  non- 
susceptiblw  5s  continued  viewing  the  film  for  the  full  length  of  the  presenta¬ 
tion. 

In  the  aviator  group  there  were  no  reports  of  dizziness  or  adverse  physiologi¬ 
cal  reactions,  however,  they  did  experience  the  most  vivid  kinesthetic  sensations 
of  the  3  group*.  It  almost  appeared  as  if  t hey  were  experiencing  actual  vesti¬ 
bular  stimulation.  Tl*e  responses  of  the  aviator  group  were  characterised  by 
a  large  number  of  compensatory  body  movements.  Titty  perceived  themselves 
as  moving  in  a  stable  environment,  while  on  tlvc  other  hand,  tl»c  susceptible 
grottp  perceived  that  the  external  environment  moved.  This  group  described 
the  screen  as  whirling  about  tltcm 

CAar«MVr:v<//V*  oj  PooUd  Rcspou'cf 

Mum  react  iom  were  related  to  specific  stimulus  content  tm  the  film.  Vef- 
behavior  was  mos4  common  there  was  a  combination  of  poorly* 
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perception.  h  is  in  these  situations  char  one  loses  equilibrium”  ((nbson,  iy5(j)* 

In  the  present  experiment  there  was  a  compelling  illusion  of  confinement 
by  the  boundaries  of  the  visual  field.  Since  the  frame-of-referenco  was  the 
boundaries  of  the  cine  dome,  no  other  reference  could  be*  used  to  separate  5 
from  the  visual  field.  5s  who  stood  outside  the  boundaries  of  the  cine  dome 
were  not  affected  as  strongly  by  the  vertigo  inducing  stimuli.  It  seemed  as  if 
they  were  able  to  stand  aside  from  the  visual  field  and  integrate  the  sensations 
into  stable  perceptions.  The  same  integrative*  functioning  was  found  in  the 
non-susceptible  and  the  aviator  groups.  The  susceptible  5s  appeared  unable  to 
separate  the  visual  sensations  and  the  visual  world.  A  non-adaptive  perception 
resulted  ( the  environment  was  seen  as  moving  and  5  passively  experienced 
this). 

Two  response  patterns  were  generated  by  the  stimulus  conditions.  5  ex- 
perienced  the  illusion  that  he  was  moving  in  a  stable  field;  motion,  in  that 
sense,  was  translated  to  5  and  vivid  kinesthetic  sensations  resulted.  This  ap¬ 
peared  to  be  a  congruent  perception.  In  the  second  instance,  the  visual  world  or 
field  wax  perceived  as  moving.  This  perception  seemed  to  involve  a  literal 
translation  of  the  motion  picture  stimuli.  This  became  an  unstable  field  which 
appeared  to  be  related  to  the  stimulus  correlates  of  nystagmus  brought  about 
after  rapid  spinning  about.  j  now  translated  the  environment  .ns  revolving 
around  him. 

In  the  former  condition,  the  perceiver  was  an  active  participant  in  the 
translation  of  the  sensory  messages  and  a  stable  perception  resulted.  In  the  latter 
condition,  it  almost  appeared  that  the  visual  field  dominated  and  5  was  a  passive 
recipient  of  the  inputs.  The  result  was  pooi  integration  of  the  stimulus  inputs. 
Vertiginous  behavior  depended  upon  the  nature  of  the  stimulus  field  and  on 
some  degree  of  individual  differences  (Woodworrh,  1955). 

The  individual  differences  are  not  discussed  further  since  no  personality 
or  other  5  variables  were  measured. 

In  summary',  it  appeared  that  the  responsible  stimulus  was  the  varying  de* 
grec  of  differentiation  of  the  field  (ambiguous  figure-ground)  which  led  to 
domination  of  the  stimulus  field  by  such  sensations  as  peripheral  flicker  and 
apparent  movement.  At  the  same  time,  the  lack  of  differentiation  of  the  field 
led  to  a  loss  of  a  definite  fra  me-of- reference.  In  this  instance,  integrative  pro¬ 
cessing  of  the  stimulus  inputs  was  more  difficult.  The  flicker  and  velocity  of 
objects  in  the  field  were  misinterpreted  as  moving. 

The  question  arose  as  to  whether  the  susceptible  5s  experienced  nystagmus 
(induced  by  the  motion  on  the  screen)  or  whether  the  vertigo  was  produced  on 
a  higher  lex  el  rather  than  just  retinal  nystagmus.  Investigations  with  electro- 
ocular  recordings  could  clarify  this  contention. 

The  present  data  .suggest  that  perceptual  vertigo  could  be  due  to  individual 
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Mfiu tuied  field  aiwl  peripheral  flicker.  Velocity  and  motion  in  uumbinatiun 
uitli  a  highly -structured  field  did  not  induce  vertigo.  Velocity  with  llickcr  in 
a  poorly-structurcd  field  did  induce  vertigo. 

Data  in  Table  2  demonstrate  tliat  the  gross  measures  of  number  of  verbal 
responses  to  the  \  stimulus  segments  of  the  film  were  not  significantly  different 
from  each  other.  Although  there  were  no  quantitative  differences  in  the  total 
umber  of  responses  to  the  different  content  on  the  film,  there  were  differences 
in  rhe  number  of  veniginous  responses.  Table  i  shows  that  there  were  sig* 
nificant  differences  between  stimulus  segments  when  vertiginous  responses  were 
measured. 


TABLE  3 

\’t‘MHL*  or  VfRTUiJNOL'S  RhSPC'*’ ’  5*  XO  Fot  'tt  STIMULUS  DlMJsNMONS 


Stimulus  Dimension  « 

Puor  Structure — No  Flicker  ’  J 

High  Structure — No  Flicker  2 

Poor  Structure— Flicker  18 

High  Structure — Flicker  4 


_  Tq“1 _ _  26  27.  lK,/>  <  .001. 

Vertiginous  responses  were  verbal  reports  of  diiainvss,  disorientation  or  any  adverse 
physiological  reaction.  The  toul  reptesemed  only  the  vvraginoos  responses  in  tin*  larger 
rcNjxmse  pod  of  1  able  2. 

It  seemed  to  be  apparent  that  most  vertiginous  responses  occurred  in  a 
1 ,  *6ng  of  a  poorly-structured  field  in  combination  with  peripheral  flicker.  It 
also  seemed  that  flicker  or  poor  structure  by  itself  had  no  apparenr  effect. 
Since  the  order  of  presentation  was  randomly  assigned,  the  effects  of  this  variable 
could  not  be  evaluated.  It  seems  that  vertiginous  behavior  was  the  cumulative 
result  of  several  factors  and  the  order  of  presentation  should  have  some  effect 
in  inducing  the  phenomenon. 

Discussion 

The  data  appeared  to  support  the  contention  tlut  there  were  individual 
differences  In  the  processing  of  perceptual  data.  The  vertigo  conditions  showed 
clearly  that  certain  stimuli  were  necessary  for  tnJucing  perceptual  motion  sick* 
nesi  Although  discrete  variables  were  apparently  operating,  the  combination 
in  a  ,*jivcn  perceptual  context  and  the  subsequent  priKessing  of  these  data  led 
to  the  experience  of  varying  degrees  of  vertiginous  behavior. 

The  complexity  of  the  visual  field  was  an  iinportant  determiner  of  the 
dominance  of  visual  factors.  In  a  well-structured  field,  motion  and  flicker 
could  be  integrated;  whereas,  in  a  field  with  poor  differentiation  "the  visual 
wvirld  and  the  visual  field  cannot  be  distinguished  from  one  another,  and  some 
illusory  frome-of •reference — a  nun -gra\i rational  vertical— may  then  dominate 
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inferences  relative  ro:  (a)  physiological  dispositions,  (b)  personality  variables 
is«<iaicd  with  field  dependence-independence  (Wttkin,  ci  ul.t  1954  ),  (c)  stim* 
t.bJ  ct»ndicions  of  figure-ground  definition,  and  (d>  peripheral  flicker. 
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State  University 


The  effect*  of  three  independent  \*ariables  on  eight  measures  of  driving  simulator  discomfort 
uvre  inwsti gated  using  u  high-fidelity,  moving-base  driving  simulator.  The  hctn'cen-snhjects 
si  nut  la  tor  variables  were:  (!)  simulation  of  lateral  acceleration  (LAT) — by  lateral  translation 
(standard  method)  versus  by  angular  rotation;  (2)  presence  or  absence  of  delay  in  the  visual 
and  motion  systems  (DEL) — uondelayed  (normal)  versus  delayed;  and  (3)  simulator  platform 
(CAB) — open  (normal)  versus  enclosed . 

Sixty-four  subjects  u  we  divided  into  eight  group*,  each  gw  up  having  equally  distributed 
stores  oti  a  test  of  field  indepet  idcnce-dejKi  nleuce.  Each  group  \\*vs  then  assigned  to  one  of 
the  eight  simulator  conditions . 

After  subjects  drove  the  simulator ,  a  nudtivnriate  analysis  of  variance  was  performed  on 
the  data  and  testthed  in  significance  for  each  main  effect  and  the  LAT  x  DEL  interaction . 
Subsequent  analyses  demonstrated  that  dependent  measures  of  pallor,  skin  resistance,  rtspi - 
ration  rate,  yaw  deviation,  and  steering  rextrsah  wen?  each  reliably  sensitiw  to  at  least  one  of 
the  simulator  indcfh'udent  variables.  It  is  concluded  that  future  simulator  designs  should 
awid:  rotation  of  the  platform  to  simulate  translation,  delay  in  the  system  dynamics,  and 
complete  enclosure  of  subjects . 


INTRODUCTION 

One  of  the  most  serious  yet  least  publicised 
shortcomings  associated  with  (he  use  of  ve¬ 
hicular  simulators,  especially  driving  simu¬ 
lators.  is  a  recurring  malady  termed  “simula¬ 
tor  sickness/*  Residua!  symptoms  including 
disorientation,  increased  perspiration. 
altered  heart  and  rc^|5Trirtion  rate,  dizai- 
^ ness,  pallor,  and  even  nausea  and  vomiting 
^havtTbeen  exhibited  by 
both  fixed  and  moving-base  simulators  (Bar- 
/  rett  and  Nelson.  1 V65;  Barren  and  Nelson? 

1966;  Barrett  and  Thornton.  1968b;  Breda, 
t  Kirkpatrick,  and  Shaffer,  1972;  Jex  and 

,  1  Hc<4«rvN  (of  tt-prinu  *hyutd  be  tent  to  Of.  Walter  W. 

’  WiervitW  ur  ioho  C.  Clvuli.  Vehicle  Simulilion  Labor** 
to ry.  1EOR  Depart  men),  VP14SU.  BlscWbvrr  VA  24061. 


Ringland.  1973;  and  Testa.  1969).  Unfortu¬ 
nately.  little  definitive  research  has  been 
done  to  determine  either  thv  symptomatology 
or  the  etiology  of  the  sickness  problem. 

One  particularly  important  study  concern¬ 
ing  the  prediction  and  evaluation  of  fixed- 
base  driving  simulator  sickness  was  reported 
by  Testa  (1969).  The  lescarch  did  not  directly 
address  simulator  design  Influences  on  sick¬ 
ness.  but  did  demonstrate  that  both  physio¬ 
logical  measures  and  self-report  measures 
were  needed  to  identify  a  state  of  simulator 
sickness.  ~esta  concluded  that  further  re¬ 
search  was  required  Mto  '  *.*rify  that  results 
from  fixed-base  simulators  can  be  applied  to 
dynamic  (moving-base)  situations’*  (Testa. 
1969). 


O  i«0,  Th#  Hufiun  F*ctor%  Society,  tftc.  AU  rifhu  rctrrvcti. 
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*•  There  are  many  potentially  useful  applica¬ 
tions  of  driving  simulators  in  training,  selec¬ 
tion.  performance  assessment,  research,  and 
system  design.  It  is  important,  therefore,  to 
determine  the  causes  of  simulator  sickness 
and  Hminato  them  in  the  design  stage,  if 
possible.  As  Leonard  and  Wiciwillc  (1975) 
have  pointed  out,  a  uausea-inductng  simula¬ 
tor  cannot  be  relied  upon  to  yicl  J  accurate 
and  valid  human  response  data.  The  occur¬ 
rence  of  sickness  serves  as  an  inappropriate 
extraneous  vnrtVMe,  confounding  the  x.iuuSa- 
tor  data. 

While  svmptoms  attributable  to  “simulator 
sickness**  appear  at  least  superficially  akin  to 
those  vif  “motion  sickness/*'  tlu  two  let  ms 
should  not  b<.  used  synonymously.  t‘\  the  c..sc 
of  fixed-base  driving  simulators,  many  of 
which  have  a  history  of  subject  nausea,  no 
translational  or  rotational  movemen*  i  the 
subject  is  present,  suggesting  that  illness  may 
be  induced  by  factors  nher  than  motion. 
Also,  it  is  doubtful  that  motion  is  solely  re¬ 
sponsible  ior  nausea  in  moving-base  simula¬ 
tors.  consider  ing  the  lat*ge  number  of  simu- 
lator-nroduccd  stimuli  *hat  a  subject  ex¬ 
periences.  As  noted  by  Barrett  and  Nelson 
(1965).  the  precipitating  causes  of  sickness 
may  be  specific  for  each  individual  simulator. 

This  study  was  conducted  to  determine 
causes  of  sinn/;  *oi  sickness  in  moving-base 
driving  simulators.  There  appear  to  have 
been  no  previous  studies  aimed  direct  I  v  at 
this  uhjutiv*  It  would  be  Impossible  to  ex¬ 
amine  in  a  single  stud\  all  of  the  potential 
causes  of  simulator  sickness.  Therefore, 
selecting  the  independent  variables  for  an  ini¬ 
tial  study  requited  some  degree  of  judgment. 
Published  studies  utilizing  moving-base 
simulators  were  examined  for  statements 

•  concerning  uneasiness  and  na^-wa.  Alsu,  w\- 
era!  researchers  who  had  driven  various 

t  driving  simulators  were  interviewed  regard* 

:  ing  the  degree  of  unensii.ws  they  had  expert* 

*  cnced.  Based  on  all  available  information. 


characteristics  common  to  those  simulators 
that  had  a  history  of  inducing  nausea  were 
determined.  Among  moving-base  simulators, 
three  characteristics  that  appeared  as  poten¬ 
tial  contributors  to  simulator  sickness  were: 
(1)  the  manner  in  which  translational  motion 
was  achieved;  (2)  the  presence  of  any  lag  or 
delay  in  the  simulator  response  variables; 
and  (3)  the  use  of  enclosing  devices  about  the 
subject.  Less  prominent  causes  included  lack 
of  display  collimation.  display  distortion, 
overabundance  of  detail  in  the  display,  large 
lateral  Beld-of-view,  and  discrepancies  be¬ 
tween  visual  and  physical  motion  cues  (other 
than  delay.  a>  mentioned  above).  In  this 
study,  the  three  major  potential  contributors 
were  examined  as  independent  variables. 
However,  the  remaining,  less  prominent 
causes  are  also  worthy  of  future  investigation. 

SIMULATOR  (INDEPENDENT) 
VARIABLES 

Rotational  Simulation  of  Translation  Versus 
Trttt  Translation 

The  extent  to  which  motion  cues  are  accu¬ 
rately  modeled  directly  affects  the  fidelity  oi 
a  driving  simulator.  The  importance  of  mo¬ 
tion  cues  In  driving  simulator  research  has 
been  demonstrated  in  earlier  investigations 
(Me Lane  and  Wierwille,  1975). 

With  each  degree  of  freedom  of  movement 
added,  the  cost  of  the  simulation  increases 
considerably.  Also,  the  number  of  motions  in* 
eluded  and  their  associated  excursion  dis¬ 
tances  are  often  restricted  by  space  lim¬ 
itations  of  tlu  simulator  laboratory.  Because 
of  economic  and  space  constraints,  certain 
compromises  have  appeared  in  the  motion 
bases  of  several  driving  simulators.  The  most 
prominent  compromise  is  associated  with  the 
method  of  simulating  lateral  and  longitudi¬ 
nal  translation.  The  platform  of  a  simulator 
must  travel  considerable  distaiKes  if  lateral 
and  longitudinal  accelerations  are  sustained 
for  any  period  of  time,  using  the  “standard 
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method  for  simulating  these  motions.  This 
standard  method  is  to  translate  the  driver 
platform  forward  and  backward  for  longitu- 
dinal  translation  and  side-to-side  for  lateral 
translation.  Several  simulator  designers  have 
chosen  to  delete  translational  simulation  of 
lateral  and  longitudinal  motions  and  have  in¬ 
stead  adopted  the  approach  of  using  roll  and 
pitch  motion  to  approximate  translation.  By 
rotating  the  subject  in  the  roll  axis,  the  lateral 
acceleration  forces  of  cornering  and  lane 
changing  atv  simulated.  Similarly,  by  rotat¬ 
ing  the  subject  in  the  pitch  axis,  longitudinal 
acceleration  and  braking  forces  are  simu¬ 
lated.  In  both  cases,  the  subject  supposedly 
expei  icnces  the  sensation  of  lateral  or  longi¬ 
tudinal  acceleration. 

II  the  technique  of  simulating  translational 
acceleration  by  rotation  is  mdeed  a  con¬ 
tributing  factor  to  the  incidence  of  simulator 
sickness,  its  influence  may  be  explained  in 
terms  of  a  cue  conflict  theory.  While  angular 
rotation  does  produce  a  lateral  or  longitudi¬ 
nal  component  of  acceleration  to  a  sealed 
subject,  cue  conflict  may  arise  when  the  sub¬ 
ject  senses  the  rotational  aspect  of  "the  mo¬ 
tion.  which  is  in  this  case  an  artifact.  In  other 
words,  the  possibility  exists  that  the  subject 
actual *v  perceives  the  motion  as  rotational, 
when  the  motion  the  subject  expects  U 
translational. 

Muyt'd  Versus  Non  delayed  Dynamics 

In  a  vehicle  simulation  that  Is  closed  loop, 
the  vehicle  dynamics  equations  must  be 
solved  on  lino  and  in  real  time.  The  outputs  of 
these  equations  provide  the  necessary*  signals 
to  drive  the  displays  and  instruments  A 
problem  associated  with  some  driving 
simulator*  is  that  thev  introduce  computa- 
Ttional  or  response  lags  in  addition  to  the 
-normal  vehicle  dynamic  responses.  In  these 
simutaiurs  the  subject  experiences  delayed 
.scene  updating,  delated  physical  motion 
cues,  or  both. 


The  lag  may  be*  the  result  of  any  of  the  fol¬ 
lowing:  (Da  lack  ol  computational  speed, 
such  as  that  due  to  serial  processing  in  the 
computer  that  solves  the  vehicle  dynamics 
equations;  (2)  a  delay  in  the  response  of  servo 
systems  used  in  the  image  generation  process, 
such  as  those  used  to  control  the  movement  of 
a  video  camera  over  a  terrain  board,  and  (3)  a 
delay  in  the  response  of  the  hydraulic, 
mechanical,  or  electrical  equipment  used  to 
move  the  platform  (or  the  instruments) 
physically. 

Regardless  of  their  form,  time  lags  in  the 
cues  presented  to  the  subject  cause  two 
problems.  First,  an  apparent  delay  between 
the  simulator’s  manual  controls  and  driver 
feedback  cues  may  cause*  the  simulator  to  be 
dillleult  to  handle.  Inappropriate  control* 
to-fecdback  delay  places  the  additional  bur¬ 
den  on  the  subject  of  anticipating  the  vehi¬ 
cle's  response  and  introducing  lead  compen¬ 
sation.  Also,  the  delay  is  apt  to  contribute  to 
subject  discomfort.  When  delay  occurs  ami  is 
perceived  by  the  subject,  a  cue  disparity 
exists  between  actual  feedback  ct  *s  and  ex* 
pedted  feedback  cues. 

Cuclosrd  Versus  Often  Platform 

A  thin!  characteristic  common  to  several 
simulators  known  to  induce  uneasiness  is  the 
presence  of  a  box-type  cab  over  the  driver's 
platform.  Usualh  windowlcss.  these  cabs  en¬ 
close  the  subject  by  four  walls  and  a  roof, 
with  the  display  serving  as  the  front  wall.  The 
only  light  inside  the  cab  is  that  emitted  by  the 
roadway  scene.  Interestingly,  a  lower  inci¬ 
dence  of  iflm  vs  has  generally  hceiiro ported 
with  automobile  bod \ -cabbed  and  unen¬ 
closed  simulators  than  in  box-cabbed  sim¬ 
ulators.  — 

The  explanations  for  the  potential  influence 
of  enclosure  on  uneasiness  are  at  best 
speculative  hut  will  Ik  offered  here.  Fiist,  the 
simple  knowledge  of  being  enclosed  within 
a  box-xhape  I  structure  may  be  initially  dis- 
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comforting  to  a  subject,  prehiasing  his  or  her 
expectations.  Furthermore,  certain  individu¬ 
als  may  experience  claustrophobic  reaction 
to  enclosure.  Finally,  the  lack  of  any 
peripheral  reference  points  other  than  the  vi¬ 
sual  display,  which  appears  to  be  suspended 
in  dark  space  inside  the  cab.  may  be  dis¬ 
orienting  to  the  subject.  Unenclosed  and  au¬ 
tomobile  body-cabbed  simulators  (with  win¬ 
dows)  do  not  have  the  last  problem,  since 
room  r.  fcrencc cues  may  be  discernible, even 
in  a  dark  room. 

METHOD 

Experimental  Design 

A  three-factor,  totally  randumued,  facto- 
rially  complete  desiun  was  applied  in  this  re¬ 
search.  The  independent  variables,  having 
two  levels  each,  consisted  of  the  following: 

(t)  Simulation  of  lateral  acceleration  (LAT) 

a.  by  true  translation  (standard  method) 

b.  by  angular  (roll)  rotation 

(2)  Presence  or  absence  of  delay  In  simulator  vi¬ 
sual  and  physical  feedback  dynamics  (DEL) 

a.  nondelayed  (normal  method) 

b.  delayed 

(3)  Simulator  platform  (CAB) 

a.  open  (normal  method) 

b,  enclosed 

With  this  design, each  subject  wax  exposed  to 
only  one  ol  the  eight  (2  x  2  x  2)  experimental 
conditions  (a  unique  combination  of  one  level 
of  each  of  the  three  factors).  This  design  was 
chosen  to  eliminate  the  possibility  of  differen¬ 
tial  transfer  dice  lx  which  might  confound  the 
assessment  of  simulator  sickness. 

Eight  dependent  measures  were  used  to 
Identify  the  slate  of  driving  simulator  dis¬ 
comfort.  Tltvse  included  physiological,  per¬ 
formance.  and  self-report  measures,  each  of 
which  will  he  described  in  the  apparatus 
section. 

Subjects 

Sixly-lottr  siihieels  were  used  in  the  ex¬ 
periment,  einl*.  ui  each  of  the  eight  e\|K*ri- 


mental -conditions.  Subjects  ranged  in  age 
from  18  to  36  yr,  had  a  minimum  of  2  yr 
driving  experience,  and  had  no  previous  ex¬ 
perience  with  any  driving  simulator.  Subjects 
were  paid  for  their  participation.  All  subjects 
were  requested  to  abstain  from  drugs  and 
stimulants  and  to  obtain  at  least  8  h  sleep  the 
night  before  each  experimental  session. 

Perceptual  Style  Test 

Several  earlier  studies  have  indicated  that 
the  incidence  of  driving  simulator  sickness  is 
related  *o  subjects*  perceptual  style  as  lo¬ 
cated  on  a  Reid  independence-dependence 
continuum  (Barrett  and  Thornton,  1968b; 
Barrett.  Thornton,  and  Cabc,  1969;  and  Testa. 
1969).  In  general,  these  studies  have  sug- 
ge sted  that  field-independent  subject.vah: 
’Imorc  susceptible  to  simulator  sickness  than 
field-dependent  subjects.  Unlike  the  present 
study,  prior  research  concerning  the  driving 
simulator  sickness-perceptual  >tyle  relation¬ 
ship  was  performed  on  fixed-base  simulators. 

In  the  current  study,  the  Hidden  Figures 
Test  (HFT)  was  employed  as  a  measure  of 
field  independence-dependence,  for  the  single 
purpose  of  systematically  assigning  subjects 
to  experimental  conditions  (Ekstrom.  French, 
Harman,  and  Dcrman.  1976). 

Apparatus 

The  driving  simulator*  The  fundamental  ap¬ 
paratus  used  in  this  experiment  was  the 
highway  driving  simulator  located  in  the 
Human  Factors  Laboratory  at  Virginia 
Polytechnic  Institute  and  State  University 
(VPI&SU).  The  simulator  Is  a  research  to.  1, 
providing  the  subject  with  the  illusion  of 
highway  drhing,  including  realistic  vehicle 
handling  via  a  4-degrec-of-freedom  physical 
motion  system  (roll,  yaw,  lateral  translation, 
and  longitudinal  translation)  coordiimted 
with  a  dynamic  visual  scene.  The  diivcr- 
ri  inula  lor  interface  constitutes  an  interactive 
ctowd-luup  *\Mem  in  which  Mcvring  wheel. 
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u  accelerator,  and  brake  pedal  movements  pro* 
"  vide  input  signals  to  the  .simulator  dynamics, 
which,  in  turn,  produce  appropriate  feedback 
for  the  driving  subject.  A  complete  descrip¬ 
tion  of  the  simulator  is  provided  in  Wierwille 
(1975). 

Among  the  simulator's  capabilities  is  the 
ability  to  introduce  driving  disturbances, 
such  as  random  gusts  of  wind  and  road  curva¬ 
ture.  These  disturbances,  often  encountered 
in  everyday  driving,  were  used  in  the  driving 
task  for  the  present  study.  A  random  noise 
generator,  interfaced  with  the  dynamics 
computer,  was  used  to  simulate  randomly  oc¬ 
curring  crosswind  gusts  of  a  continuous 
9-min  duration.  These  gusts,  having  a  root 
mean  square  lateral  velocity  of  8  mi/h  (12.9 
km/h),  were  believed  to  be  typical  of  wind  ex¬ 
perienced  while  driving  down  an  open  high¬ 
way  on  a  breezy  day.  Also,  a  3-min  predeter¬ 
mined  sequence  of  curves  simulating  a 
superhighway  winding  through  moderately 
hilly  terrain  was  presented  to  each  subject. 
Programming  and  actuation  of  the  curvature 
was  performed  on  the  hybrid  computer. 

Driving  simulator  modifications*  The 
VPI&SU  driving  simulator  was  adaptable  to 
the  current  investigation  of  driving  simulator 
sickness  for  two  reasons:  (1)  m  its  normal 
ojwrating  configuration*  the  simulator  has 
fteier  induced  oh$tr\*ahle  illness  in  any  of  over 
800  driving  subjects*  thereby  enabling  the  re- 
searchers  to  ^degradc^  the  subsystems  of  the 
simulator  in  an  effort  to  expose  specific  de¬ 
terminants  of  sickness,  and  (2)  the  rapidly  re¬ 
sponding  motion  base  of  the  simulator, 
coupled  with  the  analog/hybrid  computer- 
controlled  dynamics,  allowed  the  simulation 
of  alternative  motion  techniques  and  delays 
In  addition  to  the  normal  vehicle  dynamics 
characteristic  of  problematic  simui.  lors. 

*  Replacement  of  normal  translational 
; simulat Ion  of  lateral  acceleration  by  angular 
£  rotation  of  the  subject  in  the  roll  axis  was 

*  perform**!  by  modifying  the  programming  of 


the  lateral-direct iona!  dynamics.  A  switch 
was  used  to  change  the  method  of  simulating 
Literal  acceleration  between  experimental 
runs. 

In  experimental  conditions  specifying 
angular-rotational  simulation  of  lateral  ac¬ 
celeration,  a  35%  of  full-size  cue  was  used. 
(The  usual  roll  motion  cue  was  retained  in  all 
experimental  conditions.)  After  preliminary 
testing  of  various  increments  of  roll  angle 
simulation  of  lateral  acceleration,  ranging 
from  fuli-si2e  cue  to  10%  of  full-si/e  cue,  it 
was  decided  that  the  35%  cue  was  optimum. 
Considering  a  naive  subject's  ability  to  con¬ 
trol  the  driving  simulator  without  prior  expe¬ 
rience,  it  was  concluded  that  rotational  ex¬ 
cursions  exceeding  35%  of  full  size  were 
overly  violent,  both  from  a  controllability 
standpoint  and  for  reliable  data  collection. 

Rricliy,  the  side  force  on  a  subject  when  ro¬ 
tated  during  roll  is 

F  *  W  sin  0 

where  W  is  the  subject's  weight  and  0  is  the 
roll  angle  in  radians.  The  side  force  on  a  sub¬ 
ject  for  true  lateral  translation  is 


8 


where  a  is  the  lateral  acceleration  of  the  sub¬ 
ject  and  g  is  the  acceleration  due  to  gravity. 
Using  the  smalt  angle  approximation  for  sin 
6  and  eliminating  F  above  yields 


If  full  angular  rotation  had  been  used,  the  roll 
angle  per  m/s*  of  lateral  acceleration  is  0.l02r 
(5.84  deg).  For  35%  of  full  size,  the  roll :  ngle 
becomes  0,036r  (2.04  deg)  per  m/s*  of  lateral 
acceleration. 

The  second  independent  variable  involved 
delaying  the  normal  simulator  dynamics.  In 
half  of  the  experimental  vonditions,  the  nor¬ 
mal  (nondclayed)  dynamics  characterstic  of 
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a  typical  late-model,  intermediate  si/c, 
domestic  sedan  were  used.  In  the  other  half  of 
the  conditions,  the  dynamics  were  delayed. 
For  a  given  steering  wheel  input  by  the  sub* 
ject,  both  visual  display  and  physical  mo* 
lion  feedback  systems  were  simultaneously 
delavcd  by  0.30  s  over  the  normal  vehicle 
response. 

The  0.30-$  duration  of  delay  was  selected 
because  it  appeared  to  be  representative  of 
the  feedback  lags  inherent  In  several  sickness- 
inducing  simulators.  Furthermore,  after  pre¬ 
liminary  investigation  ot  steering  input  de¬ 
lays  of  OJO  s  and  targer,  it  was  determined 
that  durations  of  greater  than  0.30  s  required 
too  much  compcn*ating  lead  on  the  part  of 
the  subject  for  controlled  dmulator  handling. 

The  third  independent  variable  involved 
enclosure  of  the  motion  plattorm.  In  half  of 
the  conditions,  the  simulator  operated  in  its 
normal  mode,  that  is,  with  the  subjects  unen¬ 
closed.  In  the  other  half,  the  subject'  were 
enclosed  in  a  removable,  window  less  cab 
which  completely  enclosed  the  subjects  and 
eliminated  any  possibility  of  visual  room  ref¬ 
erence  cues. 

The  enclosure  was  fabricated  from  plywood 
and  painted  flat  black  on  the  inside  and  out¬ 
side.  The  narrow.  l.os*like  cab  was  designed 
to  resemble  the  enclosures  used  on  several 
other  simulators,  such  :is  the  Volkswagen 
(Uneke.  Richter,  and  Schmidt.  1973)  and 
the  1968  General  Motors  Technical  Center 
(Biinkc  and  Williams,  1968)  devices.  The  cab 
structure  Included  flow-through  ventilation, 
a  dtding  door  for  normal  egress,  and  a  pop-off 
top  for  emergency  egress. 

Physiological  (dtptndeot)  measure*  After 
.reviewing  the  symptom, *tolog\  of  simulator 
sickens  ns  reported  in  several  papers  (e  g., 
SBarrvtl  and  Nelson.  1965:  Miller  and  Good- 
son.  I960;  and  Testa,  IV69),  four  physiologi¬ 
cal  measures  were  selected  for  astf^\menT of 
subjects’  bodily  responses  to  the  driving 


simulator  experience.  The  measures  selected 
were  heart  rate,  pallor,  forehead  perspiration, 
and  respiration  rate. 

Subjects*  heart  rates  were  monitored  using 
a  plethvsmograph  attached  to  the  antihelix  of 
the  left  ear  in  conjunction  with  a  Hewlett- 
Packard  Patient  Monitor,  Model  78203C.  The 
analog  outputs  of  the  Patient  Monitor  were 
fed  into  the  hybrid  computer  for  on-tine  data 
processing.  A  mean  heart  rate  value  was 
computed  for  each  data-taking  period. 

The  individual  transducers  used  ic~ 
monitoring  pallor,  respiration  rate,  and 
forehead  perspiration  were  designed  by  labo¬ 
ratory  personnel  at  VPI&SU  solely  for  the 
current  experiment. 

A  second  earpiece  module.  Pitted  on  the 
right  car,  was  used  Tu  monitor  pallor.  This 
transducer  Is  sensitive  to  slow  changes  in 
opacity  of  the  skin  of  the  ear  over  time,  such 
as  thcse.iduc  to  vasoconstriction.  The  pallor 
carjtfccJ  inftUfdes  a  light  source  which  is 
thcntiaUv  isolated  Ii\>m  the  ear  by  fiber  op¬ 
tics.  Tfijs  avoids  heat  in"  of  the  ear  by  the  light 
source  and  thereby  contaminating  the  mca* 
suremeni.  Since  pallor  does  not  occur  instan¬ 
taneously,  this  transducer  is  insensitive  to  the 
quick  opacity  changes  produced  by  a  single 
heartbeat.  An  increase  In  pallor  results  in  a 
decrease  in  skin  opacity  over  a  period  of  time. 
Such  a  pallor  increase  is  represented  by  an 
increase  in  voltage  output  from  the  photocell 
receptor  located  opposite  the  light  source.  An 
amplifier  circuit  and  digital  voltmeter  were 
used  to  obtain  pallor  readings. 

Subjects  also  wore  a  headband  which  in¬ 
corporated  two  integral  surface  electrodes 
used  to  measure  forehead  perspiration. 
Nominal  current  arphed  to  the  electrodes 
was  15  microamperes  using  a  No ‘ting 
battery. powered  circuit.  Skin  conductance 
(voltages)  was  recoidcd  from  a  digital  volt¬ 
meter  and  later  converted  to  resistance  val¬ 
ues  for  data  analysis. 
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The  respiration  rate  monitor  was  used  to 
obtain  the  number  of  breaths  taken  by  a 
subject  per  minute  (where  one  breath  consists 
of  one  inhalation  and  one  exhalation).  A  sub¬ 
ject  w  is  seated  in  a  driving  position,  and  the 
respire  tion  rate  transducer  was  placed  near 
the  bottom  of  the  subject's  ribcage.  The 
sensing  unit  consisted  of  a  flexible  metal  belt, 
positioned  around  the  subject's  upper  abdo¬ 
men,  which  supported  a  transducer  located 
about  1.5  cm  in  front  of  the  subject.  The 
transducer  is  sensitive  to  theexpansioual  and 
contracttonal  movements  of  the  abdomen 
during  inhalation  and  exhalation.  Basically, 
the  subjects  body  serves  as  an  antenna.  The 
closer  the  body  moves  to  the  transducer,  the 
more  noise  the  transducer  receives.  This 
60- Hz  noise  is  then  conditioned,  amplified, 
and  detected  as  n  slowly  varying  voltage  sig¬ 
nal  out  nut.  In  the  present  study,  the  respira¬ 
tion  signal  was  recorded  on  a  strip  chart 
recorder. 

Performance  (dependent)  measures.  Fre¬ 
quently  accompanying  the  physiological 
symptoms  experienced  and  exhibited  by 
simulator-sick  subjects  are  degraded  perfor¬ 
mance  abilities  of  various  forms  (Barrett  and 
Thornton,  1968a;  and  Miller  and  Goodson, 
I960).  It  was  hypothesized  for  this  experi¬ 
ment  that  the  subject  s  ability  to  control  the 
driving  simulator  would  decrease  as  a  func¬ 
tion  of  simulator  discomfort  and,  corre¬ 
spondingly,  as  a  '  /suit  of  the  degraded  condi¬ 
tions  of  the  sin  dator.  The  two  dependent 
measures  of  vehicle  controllability  affecting 
driver  performance  were  yaw  (standard)  de¬ 
viation  and  the  number  of  steering  wheel  re¬ 
versals  per  minute. 

Vehicle  yaw  was  defined  as  the  horizontal 
.angle  between  the  instantaneous  roadway 
tangent  and  the  simulated  longitudinal  axis 
V  the  vehicle,  A  continuous  yaw  position  sig- 
.nai  wax  obtained  from  the  simulated  vehicle 
'dynamics.  The  standard  deviation  of  the  yaw 


angle  over  the  3-min  data-taking  period  was 
computed  on  line  by  the  hybrid  computer. 

The  steering  signal  was  also  processed  on 
line  using  the  hybrid  computer.  Movement  of 
the  steering  wheel  of  2  deg  or  more,  after  the 
time  derivative  of  steering  passed  through 
zero,  constituted  one  steering  reversal. 

In  addition  to  ihe  assessment  of  perfor¬ 
mance  t)f  vehicle  control,  it  was  of  interest  to 
investigate  the  influence  of  degraded  sim¬ 
ulator  conditions  on  cognitive  processing 
and  the  performance  of  mental  tasks.  While 
no  studies  incorporating  the  use  of  a  driving 
simulator  have  addressed  this  problem,  sev¬ 
eral  research  efforts  have  demonstrated  that 
motion  sickness  is  often  accompanied  by  a 
tjecrcascd  ability  to  perform  mental  tasks, 
such  as  arithmetic  compulations  and  esuma^ 
tion  of  elapsed  time  (Bund,  Colquhoun,  and 
Perry.  1968;  Clark  and  GrayhtVI,  1961;  and 
Graybicl,  Kennedy,  Knoblock,  Gucdry* 
Meru,  McCleod.  Colehour,  Miller,  and  Freely, 
1965).  For  the  current  study,  a  sirr-de  pre- 
and  post-simulatur  arithmetic  test  was  used 
as  die  mental  task  measure.  Two  4- min  tests 
were  used,  each  having  an  cqu^numTJcr  and 
type  of  multiplication  and  columnar  addition 
problems.  The  only  differences  between  the 
before  and  after  simulator  tests  were  the  ac¬ 
tual  numbers  used  in  the  problems,  which 
w*ere  selected  from  a  random  number  tabic. 
Both  tests  were  scored  on  the  basis  of  each 
correct-answer  digit  fora  particular  problem. 

Self'rtfion  (dependent)  measure.  A  post- 
limulator  reactions  questionnaire  consti¬ 
tuted  the  sole  self-report  measure  used  for  as¬ 
sessing  driving  simulator  discomfort.  The 
questionnaire  was  a  slight  modification  of 
that  used  by  Testa  (1969).  The  symptoms 
listed  on  the  questionnaire  for  the  current 
studv  includvJ;  nausen.  cold  sweating, 
change  in  breathing  rate,  change  in  saliva¬ 
tion,  dizziness,  drowsiness,  headache,  eye- 
strain,  and  disorient  at  ion.  Immediately  ful- 
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lowing  exposure  to  the  driving  simulator, 
-  subjects  were  instructed  to  indicate  the  level 
at  which  each  symptom  was  experienced. 
Allowable  levels  were  slight  or  not  notice¬ 
able;  medium;  and  extreme. 

Procedure 

Each  subject  completed  two  separate  ex¬ 
perimental  sessions  separated  by  approxi¬ 
mately  4  weeks* 

Session  /,  After  reading  and  signing  a  par¬ 
ticipant's  consent  farm,  the  subject  per¬ 
formed  the  first  (presimulator)  arithmetic 
test.  At  the  end  of  4  min.  the  subject  was  in¬ 
structed  to  stop  working. 

Next,  instructions  for  the  HFT  were  pre¬ 
sented.  The  HFT  was  administered  in  two 
parts,  with  a  time  limit  of  12  min  for  each 
part.  Following  completion  of  the  HFT.  the 
subject  was  paid  For  participating  in  Session 
1,  scheduled  for  Session  11.  and  dismissed. 

Assignment  of  subjects  to  experimental  con- 
d it  ions.  After  all  64  subjects  had  completed 
Session  I,  HFT  scores  (one  for  each  subject) 
were  rank-ordered.  This  ranking  was  then 
separated  into  quart  ile*-  with  16  scores  (sub¬ 
jects)  to  a  quart  ile.  Two  subjects  were  ran-* 
domly  drawn  from  each  quart  ile  and  as¬ 
signed  to  a  particular  experimental  condi¬ 
tion,  This  procedure  was  continued  for  all 
eight  ctmdtihins  of  the  experiment*  resulting 
in  a  viovvM.vthm:»l  tv  present  at  Ion  of  percep¬ 
tual  styles  In  each  of  the  eight  conditions. 

Session  // .  Upon  arrival,  the  subject  was 
seated  in  the  driver's  scat  of  the  simulator. 
Next,  the  four  physiological  receptors  were 
placed  on  the  subject.  Subjects  were  not  in¬ 
formed  (until  after  the  experiment)  as  to  the 
precise  function  of  each  receptor,  in  an  effort 
to  avoid  biases  such  as  a  "conscious"  breath¬ 
ing  rate.  The  subject  was  thin  lamiliat./ed 
2  with  the  simulator  controls  and  displays. 
;  Next,  subjects  read  an  instruction  sheet  de¬ 
scribing  the  driving  task.  After  answering 
questions  concerning  the  driving  task,  the  ex¬ 


perimenter  instructed  the  subject  to  "relax 
and  sit  quietly  for  about  five  more  minutes" 
and  added  that  the  subject  would  he  in¬ 
formed  over  the  intercom  system  when  the 
practice  driving  task  would  commence. 

By  this  time,  the  subject  had  been  seated  in 
the  stationary  simulator  for  at  least  12  min. 
After  this  stabilization  period,  physiological 
baseline  data  were  recorded  over  a  continu¬ 
ous  3-min  period.  (It  should  be  noted  that 
physiological  baseline  data  were  obtained 
with  the  enclosure  in  place,  if  the  experi¬ 
mental  condition  specified  enclosure  of  the 
subject.) 

Upon  completion  of  the  ba  >elinc  period,  the 
subject  was  informed  that  the  actual  driving 
task  was  about  to  begin.  Room  lights  were 
turned  ofT,  the  simulator's  systems  were  acti¬ 
vated,  and  the  subject  was  instructed  to  bring 
the  vehicle  up  to  a  speed  of  55  mt/h  (88.5 
km/h).  Upon  reaching  the  desired  speed,  the 
subject  was  told  to  "steer  the  vehicle  from  the 
right  lane  into  the  left  and  back  several  times 
to  get  the  feci  of  the  car's  handling  during  the 
three  minutes  of  practice  driving," 

At  (he  end  of  the  initial  3  min  of  practice 
driving,  the  subject  was  informed  that  the 
practice  period  was  over.  The  subject  was 
then  reminded  over  the  intercom  to  "strive  to 
stay  in  the  right  lane  and  maintain  55  mi/h 
(88.5  km/h)  for  the  remainder  of  the  driving 
task."  The  second  3*mli.  period  consisted  of 
the  presentation  of  random  cross  wind  gusts 
in  the  straight  road  condition.  After  6  min  of 
driving,  these  cross  winds  were  accompanied 
by  3  min  of  road  curvature.  The  curvature 
ceased  after  3  more  minutes  of  driving  time, 
and  the  straight  road  condition,  with  random 
crosswi  d  gusts,  was  presented  to  the  subject 
for  the  (mal  3  min.  During  the  final  3  min  of 
the  simulated  driving  task,  physiological, 
yaw  deviation,  and  steering  reversal  data 
were  obtained.  It  should  be  noted  that  the 
12- min  driving  task  was  designed  to  be  repre¬ 
sentative,  both  in  type  and  in  duration,  of 
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typical  simulator  tasks  used  in  other  studies 
of  an  applied  nature. 

After  data  collection,  the  subject  exited  the 
motion  platform  and  was  immediately  es¬ 
corted  to  a  desk  for  testing.  First,  the  subject 
was  given  4  min  to  work  the  second  (post¬ 
simulator)  arithmetic  test.  Next,  the  subject 
was  allowed  as  much  time  as  needed  in  com¬ 
pleting  the  poslsimulator  reactions  question¬ 
naire.  After  the  subject's  psychological  and 
physical  well-being  were  established,  the 
subject  was  debriefed,  paid,  and  allowed  to 
leave. 

Daw  Reduction 

Following  data  collection  for  all  64  sub¬ 
jects,  the  raw  data  were  reduced  to  a  form 
applicable  to  statistical  analysis.  A  single 
cxperimental-versus-baseline  difference  score 
was  computed  for  each  physiological  mea¬ 
sure  (heart  rate,  pallor,  forehead  skin  resis¬ 
tance.  and  respiration  rate)  for  each  subject. 
An  arithmetic  pretest/postlcst  difference 
score  was  also  obtained  lor  each  subject.  The 
post  simulator  reactions  questionnaire,  yaw 
deviation,  and  steering  reversals  were  each 
computed  as  a  single  score  fur  each  subject. 

RESULTS 

4 hitthtirinu*  Analysis  of  Variance 

The  data  were  first  applied  to  a  mul¬ 
tivariate  anal\ sis  of  variance  (MANOVA)  pro¬ 
cedure  to  delcrnvne  if  the  group  of  eight  de¬ 
pendent  measures  was  sensitive  to  changes  in 
the  three  simulator  variables.  The  Wilk's  V 
criterion  values  were  obtained  for  each  main 
effect  and  all  two-way  and  three- way  interac¬ 
tion  effects.  The  U-valucs  were  then  trans¬ 
formed  in  to  exact  F*radox.  using  the  standard 
conversion  formulae  (Kramer,  1972).  The  re- 
:  suits  of  the  MANOVA  are  presented  inYable  I . 

-  The  MANOVA  revealed  that  the  eight  de- 
Z  pendent  measures,  as  a  group,  were  statist  i- 
•  callv  significant  for  the  method  of  simulating 
lateral  acceleration  (LAT). /TS.49)  -  5.13. p  * 


TABLE  1 


Multivariate  Analysis  of  Variance  Sunrnary  Table 


Source 

df 

F 

P 

LAT 

1 

5.13 

0.0001 

DEL 

t 

3.76 

00017 

CAB 

1 

2.44 

0.0265 

LAT  x  DEL 

1 

2.24 

0.0403 

LAT  x  CAB 

1 

1.43 

0.2080 

DEL  x  CAB 

t 

0.97 

0.4733 

LAT  x  DEL  x  CAB 

1 

0.45 

0.8841 

Subjeets/LAT  x 

DEL  x  CAB 

56 

Total 

63 

0.0001;  for  the  effect  of  delay  in  the  dynamics 
(DEL),  F(8,49)  -  3  76 tp  -  0.0017;  and  for  the 
simulator  cab  effect  (CAB).  F(8,49)  «  2.44, 
p  m  0.0265.  Therefore,  statistical  significance 
was  obtained  for  each  main  efTect.  However,  a 
two-way  interaction  effect  was  also  found, 
indicating  that  LAT  interacted  with  DEL, 
F (8,49)  -  2 .24,  p  -  0.0403.  As  shown  in  Table 
1,  no  other  interactions  were  significant 
(p  >  0.05). 

Individual  Analyses  of  Variance 

Subsequent  to  the  MANOVA,  a  simple 
bvHveen-subjects  analysis  of  variance 
(ANOVA)  wax  performed  on  each  individual 
dependent  measure,  Therefore,  eight  three- 
way  ANOVAs  were  executed.  For  each 
ANOVA,  the  sources  of  variance  and  degrees- 
of-freedom  were  identical  to  those  of  the 
MANOVA  as  shown  in  Table  1,  The  intent 
of  the  Individual  /%NOVA  procedures  was  to 
determine  which  specific  dependent  mea¬ 
sures  were  nrltnMy  affected  by  the  different 
levels  ol  the  simulator  (independent)  vari¬ 
ables.  However,  only  those  independent  ef¬ 
fects  found  significant  by  'be  MANQV\  were 
included  in  the  subsequent  invest igolions. 

Due  to  the  large  number  of  dependent  mea¬ 
sures  and  independent  variables,  it  was  not 
possible  to  i»  elude  al*  eight  ANO\  \  tahK^s  in 
this  paper,  therefore.  Table  2  was  compiled 
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TABLE  2  , 


Summary  of  Significant  Sources  of  Variate  for  Each  Impendent  Measure 


Dependent  Measure 

Source  of  Va  »ance 

df 

MS 

F 

P 

Pallor 

LAT  x  DSL 

•  1 

99.5031 

651 

0.0135 

Forehead  Skin 

UvT 

*  1 

61.3931 

4.03 

0.0495 

Resistance 

CAB 

t 

695.6104 

5.08 

0.0281 

Heart  Rate 

(none  significant) 

— 

— 

— 

*— 

Respiration  Rate 

LAT  x  DEL 

t 

60.974S 

9.74 

0,0023 

LAT 

1 

86.9628 

13.89 

0.0005 

DSL 

1 

29.6785 

4.77 

0.0331 

CA0 

1 

62.2501 

9.9$ 

Q.0G26 

Arithmetic  Te>t 
Reactions 

(none  significant) 

— 

— * 

*— 

— - 

Questionnaire 

{none  significant) 

— 

— 

— 

Yaw  Deviation 

DEL 

1 

1.4424 

25.26 

0.0001 

Steering  Reversals 

LAT 

1 

2085.5206 

13.51 

0.0005 

and  is  intended  to  summarize  ;hc  ANOVA  ta¬ 
bles  in  a  concise  record  of  significant  effects 
*  <  0.05). 

As  shoui  in  Tuhie  2  »he  first  ANOVA  re¬ 
vealed  that  the  method  of  simulating  lateral 
acceleration  had  a  significant  main  effect  on 
pallor.  The  graph  of  the  95%  confidence 
intervals  for  both  levels  of  the'  lateral  acceler¬ 
ation  variable  clearly  predicted  this  result 
(Figure  1  )s  However,  this  main  effect  was  re¬ 
stricted  by  its  interactional  effect  with  the  « 

delay  variable.  The  ANOVA  results  demon-  | 

-*t rated  that  the  lateral  ucvclvrat  ion-h\ -delay  j 
interaction  significantly  influenced  pallor  Ip  y 
«  0.0135).  A  New  ifian-Kculs  post  hoc  analysis  $ 
was  vuhvv^ucnttv  po  fut  mcil  to  determine  be¬ 
tween  which  conditions  the  significant  differ-  | 
cnees  existed  (Table  3).  Because  the  number  £ 
of  degrccvoMreedom  of  the  ANOVA  error  ~ 
term  (56)  was  not  included  exactly  in  the 
available  table*  for  the  Student i/ed  Rarnie 
Statistic  (<?).  the  criterion  value.*  were 
linearly  mu  rpoiated.  The  1  ilcral  translation- 
nondelavcd  feedback  dynamics  condition 
(the  normal  simulator  configur.uiun)  differed 
significantly  from  each  cf  the  outer  three  con¬ 
ditions  (lateral  imnslntinn  delayed  d\ na mks. 
angular  rotation-nohdelayed  dynamics,  umJ 


angular  rotation-delayed  dynamics),  at  p  < 
0.05.  All  other  comparisons  were  nonsignifi¬ 
cant  at  the  0.05  level.  The  correspond  mg  con* 
fidence  intervals  for  the  lateral  aecdenmon- 
by-dday  imeniCi&«  are  presented  in  Figure  2. 

«•  r* 


1.0 
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"t__i _ * _ 
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Results  of  Newman- Kculs  Analysis  Using  Pallor  as  the  Dependent  Mv.«\urc 


Treatment  Combination  Number 
Treatment  Combination  Mean 

14  2  3 

1.2718  4.0610  4.S928  5.727$ 

p  <  0.05 

where: 

1  corresponds  to  lateral  iranslation-nondetayed  dynamic* 

2  corresponds  to  lateral  translation-delayed  dynamics 

3  corresponds  to  angular  rotation-nondelayed  dynamics 

4  corresponds  to  angular  rotation-delayed  dynamics 

ihe  second  ANQVA,  using  skin  resistance 
ns  the  dependent  measure,  revealed  that  the 
simulator  cab  variable  had  a  significant  el  feet 
on  forehead  perspiration  { p  *  0.G2S1),  The 
95%  confidence  internals,  graphed  in  Figure 
3.  present  a  visual  representation  of  this  ef¬ 
fect. 

Respiration  rate  was  discovered  to  be  sen¬ 
sitive  to  all  ol  the  main  effects*  with  a  par¬ 


ticularly  strong  effect  for  the  method  of 
simulating  lateral  acceleration  (p  »  0.0005) 
and  moderately  strong  effects  for  simulator 
cab  (/>  »  0.0026)  and  delav  (/>  »  0.0331). 
These  results  are  shown  in  the  confidence 
interval  differences  depicted  in  Figures  4,  5. 
and  6.  However,  the  lateral  acceleration  and 
delay  effects  were  restricted  bv  the  two-way 
interaction  effect.  Again,  a  Neuman- Kculs 
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Figure  4.  [aUtuI  acceleration  ,nntnlat  ton  effect  on 
respiration  rate  (95%  confidence  limits). 
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Ftgure  6.  Simulator  dynamics  delay  effect  on  respi* 
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'  Figure  5.  Simulator  i\</>  tiled  on  resptrat  on  rate 
*  (95  %  con  faience  lnnu\}> 


procedure  was  performed  and  the  criteria  for 
rejection  values  were  linearly  interpolated 
as  before.  This  analysis  revealed  that  the  an¬ 
gular  rotation-delayed  feedback  dynamics 
condition  (the  most  degraded  simulator  con¬ 
figuration)  was  significantly  different  from 
each  of  the  other  three  conditions.  ( p  <  0.05) 
(Table  4).  No  other  comparisons  were  signifi¬ 
cant  at  the  0.05  level.  These  differences  arc 
visible  in  the  95%  confidence  intervals  shown 
in  Figure  7, 

Ah  shown  in  Table  2.  the  ANOVA  for  the 
performance  measure  of  yaw  deviation  dem¬ 
onstrated  that  the  presence  or  absence  of 
delay  in  the  visual  and  physical  feedback 
dynamics  had  a  strong  effect  ( p  <  0.0001)  on 
subjects'  ability  to  maintain  a  steady  vehicle 
heading.  Similarly,  the  ANOVA  for  the  steer¬ 
ing  reversals  performance  measure  revealed 
that  ihe  number  of  steering  reversals  was  re¬ 
liably  different  (p  <  0.0005)  for  the  two  meth¬ 
ods  u(  simulating  lateral  acceleration  (by 
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TABLE  4 

Results  of  Newman- Kcitls  Analysis  Using  Respiration  Rate  as  the  Dependent  Measure 

Treatment  Combination  Number  2  13  4 

Treatment  Combination  Mean  1.2633  7.8409  2.2281  5.5468 


1  correspond?  to  lateral  translation-nondelayed  dynamics 

2  corresponds  to  lateral  translation-delayed  dynamics 

3  corresponds  to  angular  rotation-nc^delayed  dynamics 

4  corresponds  to  angular  rotation-delayed  dynamics 


p  <  0.00 

where: 


translation  or  by  angular  rotation).  Again, 
these  differences  are  graphically  depicted  by 
the  confidence  intervals  in  Figures  8  and  9. 

The  ANOVA  procedures  found  that  three  of 
the  eight  dependent  measures  were  not  indi¬ 
vidually  sensitive  to  changes  in  any  of  the 
variables  of  interest  or  their  interactions.  No 
signil  cant  differences  (within  the  MANOVA 
domain  of  significance)  were  obtained  for  the 
heart  rate,  the  arithmetic  test,  and  the  post- 
simulator  reactions  questionnaire  measure 
(Table  2). 
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Figure  7.  Lateral  acceleratiomby-dtlay  interaction 
effect  on  respiration  rate  (95%  confidence  Urn:; d. 


CONCLUSIONS 

Conclusions  Concerning  the  Simulator 
(Independent)  Variables 

As  nreviouslv  discussed,  the  three-way 
MANOVA  revealed  that,  as  a  group,  the  eight 
dependent  measures  were  highly  sensitive  to 
changes  in  the  three  simulator  variables. 

In  particular,  the  baseline  to  experimental 
increase  in  pallor  was  signiiieantly  greater 
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Figuic  8.  Sintulainr  dynamics  delay  effect  on  yaw 
deviation  (95%  confidence  limits h 
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conditions.  Ako,  within  the  significant  lateral 
accelerat  ion-by-delay  interaction  effect,  the 
combination  of  angular  rotation  with  delayed 
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1‘igure  9,  Literal  acceleration  simulation  effect  on 
steering  rewrsals  (95^  confidence  limits). 

for  the  simulation  of  lateral  acceleration  by 
angular  rotation  than  for  the  normal  method 
of  lateral  translation.  However,  the  interac¬ 
tion  of  the  lateral  acceleration  with  the  delay 
variable  restricted  the  interpretation  of  the 
main  effect  of  lateral  acceleration.  Whenever 
computational  delay  was  introduced,  re¬ 
gardless  of  the  method  of  simulating  lateral 
acceleration,  the  baseline  to  experimental 
change  in  pallor  increased  significantly  from 
the  normal  lateral  translation-nondelayed 
dynamic^  condition.  Therefore,  the  normal 
simulator  configuration  produced  the  lowest 
level  of  pallor. 

The  amount  of  increase  in  subjects*  respira¬ 
tion  rates  from  baseline  measurement  to  ex¬ 
perimental  measurement  was  demonstrated 
to  be  a  von  sensitive  measure  of  discomfort¬ 
ing  simulator  cllects.  The  significance  ob¬ 
tained  for  all  time  main  effects  suggests  that 
subjects  tend  to  heighten  their  breathing  rate 
when  experiencing  any  degraded  simulator 


dynamics  (the  most  degraded  configuration)  _ 
was  responsible  for  the  largest  incrcasein 
respiration  rate. 

In  addition  to  significantly  increasing  res¬ 
piration  rate,  the  presence  of  the  enclosure 
over  the  subject  was  responsible  for  an  in¬ 
crease  in  forehead  perspiration  in  compari¬ 
son  to  the  open  cab  conditions.  Enclosed 
subjects  reliably  exhibited  a  decrease  in  skin 
resistance  from  baseline  to  experimental 
dala-recoi  ding  periods.  This  corresponded  to 
increased  perspiration.  No  subjects  in  the 
open  cab  conditions  demonstrated  a  decrease 
in  forehead  resistance.  It  is  unlikely  that  the 
increased  perspiration  was  due  to  increased 
temperature  or  humidity  inside  the  enclo¬ 
sure,  as  adequate  flow-through  ventilation 
was  incorporated  into  the  cab  design. 

The  yaw  deviation  performance  measure 
clearly  indicated  that  delayed  feedback 
dynamics  adversely  affected  vehicle  conn ol- 
labilitv.  Significantly  lower  yaw  deviation 
values  for  the  conditions  containing  normal 
vehicle  dynamics  were  obtained  in  compari¬ 
son  to  the  yaw  deviation  values  of  conditions 
incorporating  delayed  dynamics. 

The  method  of  simulating  lateral  accelera¬ 
tion  showed  a  significant  main  effect  for  the 
number  of  steering  reversals.  However,  the 
results  are  surprising  at  first  glance.  The 
number  of  steering  reversals  is  generally 
thought  to  increase  as  a  function  of  driving 
task  clifficultv,  which  is  in  turn  Influenced  by 
a  number  of  factors,  such  as  vehicle  handling 
qualities.  Following  this  logic,  it  appears  that 
the  simulation  of  lateral  acceleration  by  an¬ 
gular  rotation  would  be  associated  with  » 
greater  number  of  steering  reversals  than  the; 
normal  lateral  translation  method.  As  showa: 
in  the  confidence  interval  graphs  of  Figure  9i 
the  opposite  effect  was  found  to  be  true.  One‘ 
possible  explanation  for  the  lower  number  of 
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'steering  reversals  in  response  to  angular  rota- 
ylion  is  that  due  to  the  ''oversize**  roll  cue. 
•subjects  may  quickly  learn  to  refrain  from 
^making  quick  steering  reversals  which  cause 
the  simulator  to  move  in  successive  rota¬ 
tional  excursions.  Continued  rotational  ex¬ 
cursions,  of  the  magnitude  used  in  simulating 
a  lateral  acceleration  cue.  may  be  unpleasant 
to  a  subject.  Therefore,  during  the  early  seg¬ 
ment  of  the  driving  task,  the  subject  may 
learn  to  make  fewer  steering  corrections, 
thereby  lessening  the  number  of  large  t  olling 
motions. 

General  Recommendations 

On  the  basis  of  the  data  reported  herein,  it 
is  clear  that  all  three  of  the  alternate  (de¬ 
graded)  simulator  conditions  should  be 
avoided,  or  at  least  given  careful  considera¬ 
tion  before  inclusion  in  a  driving  simulator 
design.  The  technique  of  simulating  lateral 
acceleration  by  roll-axis  rotation,  the  pres¬ 
ence  of  delay  in  the  visual  and  motion 
dynamics,  and  the  practice  of  enclosing  the 
subject  all  produced  mild  discomforting  ef¬ 
fects  in  subjects. 

It  is  evident  that  any  reduction  in  cost  or 
space  saved  by  simulating  translational 
movements  with  rotational  mot  it  is  may  be 
outweighed  by  the  disadvantages  of  the  rota¬ 
tional  method.  The  use  of  angular  rotation 
was  accompanied  by  increases  in  subjects' 
skin  pallor  and  breathing  rates  over  the  nor¬ 
mal  method  of  lateral  translation.  This  find¬ 
ing  suggests  that  angular  rotational  simula¬ 
tion  of  lateral  acceleration  may  at  least 
contribute  to  the  onset  of  driving  simulator 
uneasiness  in  subjects. 

The  presence  of  simulated  computations.* 
delay  in  addition  to  the  normal  vehicle  re¬ 
sponse  was  found  to  induce  mild  subject  un¬ 
easiness.  as  well  as  reduce  vehicle  controlla¬ 
bility.  On  the  subject's  part,  this  was  evi¬ 
denced  by  the  effects  ol  delayed  dynamiv^on 
^respiration  rale  and  the  interactional  effect  of 


delayed  dynamics  with  angular  rotation  on 
pallor.  Also,  the  presence  of  delay  showed  an 
associated  significant  increase  in  yaw  devia¬ 
tion  over  the  normal  simulator  dynamics. 
This  finding  suggests  that  delayed  feedback  of 
the  effect  of  steering  control  inputs  causes  the 
subject  to  have  to  compensate  in  order  to  con¬ 
trol  the  vehicle's  direction.  The  constant  at- 
tentional  demand  placed  on  the  subject  by 
the  increased  work  load  may  heighten  the 
overall  stress  level.  At  any  rate,  the  negative 
effects  of  delay,  such  as  those  due  to  camera 
servo  lag  or  to- the  serial  processing  time  of 
some  computers,  are  compelling  and  demon¬ 
strate  that  they  should  be  avoided  in 
simulator  design. 

Finally,  the  forehead  skin  resistance  and 
respiration  rate  measures  clearly  indicate 
that  enclosing  the  subject  in  a  box-like  cab 
has  a  disquieting  influence.  As  the  graphs 
show,  the  presence  of  the  enclosure  over  the 
driving  simulator  was  sufficient  to  cause  in¬ 
creased  forehead  perspiration  and  respira¬ 
tion  rate. 

In  the  present  study,  the  overall  lack  of 
overt  driving  simulator  sickness  such  as 
nausea  or  vomiting,  is  in  part  borne  out  by 
the  lack  of  significance  obtained  on  the  reac¬ 
tions  questionnaire.  The  questionnaire  had 
been  demonstrated  to  be  a  sensitive  and  reli¬ 
able  measure  of  driving  simulator  sickness  in 
other  research  (Testa,  1969).  However,  Testa 
also  reported  (experimenter)  observable 
symptoms  of  sickness,  such  as  nausea  and 
profuse  perspiration,  in  addition  to  the  sub¬ 
jective  reports  of  sickness  on  the  question¬ 
naire. 

Two  explanations  for  the  lack  of  sensitivity 
of  the  qucsti<  nnaire  in  the  current  study  are 
as  follows.  First,  the  actual  construction  of 
the  questionnaire  may  be  partly  responsible 
for  the  results  obtained.  The  first  column 
under  "level  experienced"  on  the  question* 
naite  is  indicative  of  "slight  or  not  notice¬ 
able"  symptoms  of  simulator  sickness.  Re- 
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sponses  in  this  column  arc  in  agreement  with 
the  overall  absence  of  acute  symptoms  of 
driving  simulator  sickness  in  the  present 
study.  Furthermore*  in  an  effort  to  hide  in¬ 
formation  concerning  physical  feelings*  so  as 
to  not  appear  "inadequate"  or  for  other  rea¬ 
sons,  subjects  may  have  checked  the  "slight 
or  not  noticeable"  column  frequently. 

As  previously  discussed,  other  driving 
simulator  research  has  been  plagued  with  the 
occurrence  of  acute  sickness  symptoms  while 
not  directly  addressing  the  problem.  This  ex¬ 
periment  purposely  used  attenuated  roll  mo¬ 
tion  and  limited  dui.Uion  of  delay.  It  is  dis¬ 
tinctly  possible  that  had  full-size  roll- 
simulation  of  lateral  acceleration  and  longer 
computational  delays  been  used*  acute  symp¬ 
toms  might  have  resulted. 
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Simulator  Sickness 


K*I4  and  F-4  pilots  are  experiencing  a  phe¬ 
nomenon  identified  as  Reverse  Sensory  Con- 
flicifRSC)  by  aviation  physiologists  and  Naval 
Aerospace  Medical  Research  personnel.  This 
physiological  phenomenon  ts  experienced  after 
a  session  in  the  2E6  2FI 1 2  simulator,  hence  the 
popular  name  for  RSC  has  become  "simulator 
sickness." 

"Navy  and  Air  Force  aircrews  have  reported 
symptoms  such  as  nausea,  dizziness,  head¬ 
aches.  and  disoriented  feelings  while  operating 
training  Device  2E6.  Air  Combat  Maneuver¬ 
ing  Simulator  (ACMS).  Reports  of  both  de¬ 
layed  reactions  and  persistence  of  symptoms 
after  leaving  the  trainer  have  raised  concern 
over  possible  impact  on  flight  safety  and  ne;  > 
live  training"  (N  AVTRAEQUIPCEN  SfWT- 
005-4500-1.  Feb  I9$l). 

7  htv  phenomenon  has  been  with  us  for  some 
time,  and  articles  have  been  written  on  por* 
tionsof  its  effects  on  aircrew  men  being  trained 
in  wide  angle  visual  systems.  The  more  famil¬ 
iar  articles  deal  with  "motion  sick  ness"  symp¬ 
toms  and  "spatial  disorientation," 

"Although  the  phenomenon  has  been  known 
for  }  years,  identifying  the  rtiiom  for  simula¬ 
tor  vieiiKs*  is  u  difficult  task.  The  causes  are 
complex  and.  most  probably,  interrelated. 
While  precise  reason;  are  not  fully  under¬ 
stood.  research  efforts  are  establishing  a  base 
which  may  someday  provide  the  design  speci¬ 
fication*  or  procedures  necessary  to  mitigate 
or  eliminate  the  problem." 

Aircrew-men  become  accustomed  to  experi¬ 
encing  some  pretty  peculiar  physical  sensa¬ 
tions  in  conjunction  with  associated  visual 
observations  while  riding  out  rapid  rolls,  re 
vervab.  or  other  relatively  violent  or  sudden 
muneyverx  G-forvt*  and  the  like  are  a  fact  of 
lift  for  the  professional  aviator  -  comes  with 
the  territory  . 

1  he  forces  felt  are  stored  tn  the  brain's  data 
bank,  along  with  visions  associated  with  those 
unuvuul  vcnwitions.  When  the  brain  digests  the 
picture  (hut  the  ey  es  see.  your  preconditioning 
lets  the  brain  tell  your  body  to  get  ready  to 
experience  some  hairy  sensations  . .  ,  only  it 
doesn't  happen  You  are  conditioned  to  forces 
that  the  simulator  cannot  duplicate.  Since  the 
brain  is  accustomed  t? experiencing  both  the 
visual  and  vestibular  sensations  simul¬ 
taneously,  when  one  h  experienced  without 
the  other,  strong  conflicting  internal  sensory 
cue-*  are  felt  and  result  in  RSC  symptoms  * . . 
simulator  sickness. 

~The2E6  ACMS  consists  of  two  fixed-base, 
tandem  crew  cockpits,  each  surrounded  by  a 


40-foot  dome  which  approximates  a  ViO- 
degree  Held  of  view.  Visual  scenes  art  created 
by  projecting  aircraft,  missile  and  earth  \ky 
scenes  onto  the  domes.  The  device  ivdotgned 
to  provide  clo\c-in  air  comhat  maneuvering 
training. 

"The  cockpits  in  the  domes  are  mockupv  of 
the  F-4J  and  F-UA  aircraft  and  are  inter- 
cha  gcabic.  Spatial  orientation  is  provided  hv 
computerized  control  of  the  sky-earth  projec¬ 
tor  There  is  no  provision  to  simulate  visual 
altitude  cues  or  relative  direction  and  velocity 
progression  over  the  terrain." 

Simulator  sickness  works  best  against  experi¬ 
enced  pilots.  This  is  because  the  more  hours 
you  have  m  the  air,  the  more  conditioned  to 
associated  visual  and  vestibular  sensory  per¬ 
ception  your  body  becomes.  So.  relatively 
older  pilots  w  ill  probably  incur  more  unpleas¬ 
ant  experiences  from  tbe  2E6  ACMS  than 
their  younger  contemporaries. 

COM  FITAEW  WING  PAC  Notice  .V7$U  ad¬ 
dresses  this  problem  and  seeks  to  limit  the 
dangers  of  RSC  by  setting  ujj  mintmumv  of 
required  ground  time  between  bouts  with  the 
simulator  and  actual  flight*,  3750  orders  that 
*ito  one  shall  be  scheduled  tn  fly  within  12 
hours  of  the  first  exposure  to  the  F-U  flight 
simulator"  and  cautions  aircrews  to  "ensure 
thii  readjustment  period  mdudei «  good  night's 
rest.  For  subsequent  flights,  a  2-hour  interval 
will  be  observed  from  exiting  tbe  simulator 
until  actual  aircraft  flight.  Aircrews  in  this 
category  ire  expected  to  use  good  judgment  tn 
determining  their  ow  n  ability  to  perform,  bawd 
on  previous  experience  (the  first  exposure 
when  f2  hours  was  observed,  or  any  unusual 
reactions  thereafter)." 

COM  FITA  F.WWINC* PAC  Notice  .1750  also 
direct*  that  the  device  be  started  and  stopped 
in  •  wingj-level,  mne-on- Horizon  attitude, 
with  the  visual  portion  secured  and  tbe  white 
dome  tights  turned  on  before  the  aircrew 
emerges  from  the  trainer.  Aircrews  arc  to 
wear,  at  least,  minimum  flight  gear,  torso  har¬ 
ness,  and  G-suit. 

COMFJTWING  ONE  Instruction  1542  ID 
also  addresses!  his  problem  and  sets  maximum 
time  exposure  to  the  simulator. 

The  2E7  ACMS  will  soon  be  introduced  for 
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u\e  by  the  F-IK  communities  This  is  signifi¬ 
cant  because  the  Marine  Corps  F-4  and  Navy 
A-?  communities  have  not  been  ex  posed  to  the 
wide-angle  ACM-type  simulator  With  the 
ad\  ent  nf  gearing  up  for  the  F- 1 K  on  the  part  of 
both  communities,  well  sec  a  surge  of  simula¬ 
tor  training  in  the  new  2F7  by  aircrews  with  no 
previous  exposure  td  simulator  sickness  Ad¬ 
herence  to  the  directives  quoted  in  thivarticle 
can  minimize  adverse  physiological -pheno¬ 
menon.  A  further  step  that  reduces  the  inci¬ 
dence  of  simulator  sick  ness  is  to  compile  each 
maneuver  and  avoid  the  reset  luoctiorr availa¬ 
ble  on  newer  simulators.  For  instance,  avoid 
resetting  from  bolter  to  l^-milc  ball  call 
Adherence  to  the  suggestions  herein  contained 
can  successfully  minimize  all  of  the  follow  ing. 

•  |  Wir ient at  ion 

•  Dizziness 

•  Headache 

•  Pallor 

•  Stomach  awareness 

•  l  oss  of  appetite 

•  Nausea 

•  Fmcsis 

•  Fatigue 

•  lassitude 

•  Yawning 

•  Burping 

•  Confusion 

•  Spinning  sensatiorj, 

•  Extreme  unsteadiness 

•  Motor  dyskinesia 

•  Flashbacks 

•  Visual  Dysfunction 

For  an  in-depth  review 

simulator  sickness,  read  leWM^trKeport 
NAV7RAEQUIPCEN  KO-C-fjfo-4500-t.  ti¬ 
tled  “Simulator  Sickness  Occurrences  in  the 
2F!h  Air  Combat  Maneuvering  Simulator 
(AMCS)  by  authors  James  McGumnesv  J.  If. 
Bowman,  and  Jim  F'orbes  of  Person-System 
Integration.  Ltd.,  Alexandria.  VA. 


Casto,  J.  H. 
Simulator  Sickness. 
Weekly  Summary  of 
XTr era f t  MishapsT 
T9 -2 5  September- 
1982,  38-82,  1.  : 
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...OR  SAACING  THE  DIZZIES 


"Hes  coming.  .  .2  o'clock  low.  John.  I'm  en¬ 
gaged  you  re  free 

Tm  bingo  pioo  Iwo.  Sam.  I’m  separating.  .  ." 

"OK  John.  I'm  high  in  his  six--l've  got  him 
wired! ' 

This  scenario  could  have  taken  place  in  many 
USAF  scjadrons.  but  today  we  re  in  the  Simula¬ 
tor  for  A:r  tc-A;r  Comoat  tSAAQ  at  Luke  AFB. 

"FHEEZE--ho*d  it  right  theie  guys.  See  where 
you  are.  Sam  You'll  overshoot  him.  and  he'll 
wind  up  right  in  your  six  Now  if  you  had  yo-yo'd 
then,  you'd  be  in  good  shape  to  drive  him  out  of 
the  fight  and  separate  witn  your  wingman.  . 

“Now  let  s  reinitiate  and  try  it  again.  .  ." 

Thera's  another  side  to  the  successful  story  of 
SAAC  .  you  might  hear  it  like  this  at  the  bar  . 

.It's  a  super  trainer,  but  wait  till  you r  bed 
does  a  3-turn  spin  in  the  middle  of  the  night.  .  .“ 

”.  .  Does  that  SAAC  ever  make  me  sweat... 
I've  never  worked  so  hard  . ." 

Sounds  pretty  stimulating  for  a  simulator,  but 
just  this  sort  of  response  has  been  taking  place 
m  the  SAAC  Recent  investigations  by  the  AF 
Human  Resources  Laboratory  have  turned  up 
some  interesting  psychophysiologic  reactions  on 
the  pan  of  Ff4  pilots  while  flying  simulated  dog 
f>ghts  m  tlie'  SAAC  Some  pilots  have  been 
e»periem.mg  orientation  disturbances  which 
have  been  labeled  "simulator  sickness'  tor  lack 
of  a  bettor  term  (No.  th.s  doesn't  mean  you  can 
get  out  of  a  simulator  mission  just  ‘cause  you're 


sick  of  it.)  "Sim  sickness"  is  not  strictly  motion 
sickness  which  many  people  have  experienced. 
Mather,  it  is  caused  by  internal  imbalances 
winch  arise  when  the  body  compares  wnat's 
happening  to  it  in  the  SAAC  to  cas:  experiences 
•n  the  aircraft. 

During  your  flying  career  you  have  become 
.iiVtistnmerl  to  curtain  phys.cal  sensations  cc- 
cirrrtiig  in  conjunction  with  certain  visu.il  sensa¬ 
tions  Rap.d  rolls,  reversals,  loading  the  airplane 
with  G.  unloading,  etc.  have  accompanying  vis¬ 
ual  pictures  which  are  part  of  your  beam's  data 
bank  Yuu  have  become  conditioned  to  a  force 
environment  which  isn't  there  in  the  simulator. 
One  sense  (visual)  indicates  changing  attitudes 
m  space  while  another  (vestibular)  indicates  no 
change  m  body  position  Since  you  have  be¬ 
come  accustomed  to  having  both  sensory 
systems  react  to  the  change  simultaneously, 
when  they  don't  occur  together  or  one  nappens 
alone,  strong  conflicting  internal  sensory  cues 
are  produced  which  result  in  the  symptoms  of 
“sim  sickness "  Wide  fiold-of-view  simulators 
can  present  most  of  the  visual  cues  arising  from 
motion  without  any  physical  motion  present 
This  adonion  of  a  motion  platform  to  tr.e  simula¬ 
tor  doesn  t  appear  to  reduce  this  sensory  con¬ 
flict  Hither  The  stresses  of  rapid  robing  ma¬ 
neuvers  and  sustained  htgh-G  loading  cannot  be 
provided  A  motion  system  simply  cannot  mimic 
the  physical  strains  created  on  the  F-4  pilot  ir 
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actual  fi.yhi-*ne  neck  strain -->,o  mask  puii--r.o 
upper  body  compression»no  sustained  G. 

But  what  are  these  symptoms  anyway?  Well, 
they  can  be  as  mild  as  a  slight  disorientation  or 
as  seveie  as  physical  reactions  including  nausea 
and  vomit'iig  Between  these  twb  extremes  are 
symptoms  such  as  profuse  sweating,  vertigo, 
di/ziness.  unusual  fatigue,  and  feelmg  totally 
washed  uut  Some  pilots  have  repot  ted 
disrupted  sieep  and  short  sessions  of  doziness. 

The  most  common  place  where  these 
symptoms  iuo  experienced  is  in  the  SAAC 
cockpit  while  you're  flying  Now  don't  get  the 
impression  that  everyone  who  steps  into  the 
SAAC  gets  his  gyros  tumoled  Far  from  it  Most 
people  experience  rrvld  disorientation  during  the 
initial  flight,  but  that  usually  passes  rather 
quickly.  A  few  individuals  have  reported  a  "re¬ 
play-'  of  certam  visual  sequences  from  SAAC 
missions  These  "replays"  may  occur  during  any 
period  of  light  mental  activity-later  that  day 
while  working  over  a  paper  or  just  relaxing  in 
the  BOO  A  few  other  interesting  perceptual 
disturbances  have  also  been  reported  One  pilot 
was  watching  TV  and  experienced  all  the 
physical  sensations  of  a  climbing  turn  and  had 
the  impress'on  that  the  TV  was  now  suspended 
from  the  ceiling  Another  pilot  reported  that 
while  lying  down  his  visual  field  temporarily  bie* 
came  inverted  180  degrees  until  he  sat  upright* 
(J  D.  Black  or  Green  Label  will  do  that  to  me 
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every  lime*  Ed)  One  of  the  most  frequently 
ipported  sensations  is  that  of  imbalance  similar 
to  that  experienced  ahei  a  long  boat  or  tram 
ride.  Many  people  who  have  been  on  a  boat  all 
day  still  occasionally  experience  the  rocking 
sensation  of  the  w3ves  several  hours  fater.  Reac¬ 
tions  from  the  SAAC  are  basically  the  same  as 
these,  but  perhaps  a  bit  more  vivid 

Some  concern  has  been  expressed  by  pilots, 
if  I  report  these  kind  of  things.  I'M  bo 
groundeo "  or  ".  .  .fighter  pilots  don't  have  these 
problems."  These  kinds  of  physical  reactions  can 
be  expected  and  are  normal  reactions  to  an 
initial  experience  in  a  wide  field-of-view  simula¬ 
tor!  Those  symptoms  do  not  occur  in  all 
aircrews  and  tend  to  d'sappear  due  to  adapta¬ 
tion  w.lh  repeateo  experience  in  simulators  like 
the  SAAC 

Full  mission  simulators  with  wide  field-of-view 
capabilities  Will  play  an  increasing  role  in  the 
development  of  new  tactics  and  the  enhance¬ 
ment  o(  force  readiness.  The  F-4  pilots  who 
have  flown  the  SAAC  are  enthusiastic  about  its 
vaiue  as  a  combat  tramer  However,  the  users  of 
such  simulators  and  future  simulators  with  these 
capabilities  should  be  aware  that  some  adjust¬ 
ment  may  be  required  by  pilots  when  stepping 
back  into  the  real  world  from  the  computer¬ 
generated  world  to  “SAAC"  the  dizzies.  An 
awareness  of  the  nature  and  possible  extent  of 
the  symptoms  of  "sim  sickness"  can  help  tne 
pilot  deal  with  such  symptoms  when  and  if  they 
arise  The  concensus  of  TAC  pilots  who  have 
participated  in  the  SAAC  training  program  is 
that  the  temporary  discomfort  brought  on  by 
these  symptoms  is  a  small  price  to  p3y  for  the 
kind  of  combat  training  afforded  by  the  SAAC. 

Additional  information  can  be  obtained  from 
the  Tactical  Research  Branch  at  this  address 
>*  AFHRL/OTO  Luke  AFBAZ  85309. 
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Most  studies  reporting  symptoms  of  motion 
sickness  resulting  from  various  visual  stimuli 
indicate  that  angular  displacement  of  the 
visual  field  is  the  most  effective  stimulus. 

This  displacement  of  the  visual  field  has 
usually  been  accomplished  in  two  ways.  It 
may  be  an  entire  room  which  either  oscillates 
about  a  horizontal  axis  from  which  the  5  is 
suspended  in  a  swing  (7,  9),  or  lips  right  and 
left  about  a  horizontal  axis  with  a  stationary 
5  (8).  A  second  method  is  to  have  5  fixed  and 
to  rotate  around  him  a  cylinder,  the  inside  of 
which  is  painted  with  vertical  stripes  (2,  3,  6). 
These  conditions  impart  an  apparent  motion 
of  the  body,  and  some  5s  experience  nausea. 
Those  stimuli  which  revolve  about  a  vertical 
axis  result  in  optokinetic  nystagmus,  to  which 
Vogel  (6)  related  the  occurrence  of  nausea  and 
dizziness  at  a  critical  frequency  of  12  rpm.  At 
this  particular  frequency,  with  lus  apparatus, 
he  recorded  the  most  regular  nystagmus.  At 
higher  and  lower  frequencies,  he  found  either 
irregular  or  no  nystagmus  and  none  of  the 
motion  sickness  symptoms. 

There  is  some  doubt  as  to  whether  a  vigorous 
horizontal  optokinetic  nystagmus  is  a  neces¬ 
sary  condition  for  the  development  of  motion 
sickness  symptoms,  though,  perhaps,  visual 
attention  and  probably  some  attempt  at  fix*- 
tIon~are  required.  Such  a  nystagmus  was  not 
present  m  the  situation  described  by  Wood 
(9),  wherein  the  visual  field  did  not  rotate  but 
merely  oscitlaied  about  a  horizontal  axis  which 
was  lateral  to  5.  In  Wilkin’s  situation  (8), 
nystagmus  was  also  not  a  factor.  Here,  rela¬ 
tively  slow  tipping  movements  of  the  room 
about  a  horizontal  axis  medial  to  the  stationary 
5  brought  about  nausea.  Interestingly  enough, 
the  nausea  was  alleviated  by  the  introduction 

•  From  a  thesis  submitted  to  the  graduate  school  of 
the  Suit  Collett  of  Washington  in  partial  fulfillment 
of  the  requirements  for  the  De^rte  of  Master  of  Science. 

•  Now*  at  Army  Medical  Service  Graduate  School, 
Waller  fited  Army  Medical  Cenlcr,  Washington*  D.  C. 


of  simultaneous  movement  of  the  5  and 
the  room. 

Apparently,  mere  optokinetic  nystagmus 
and  apparent  body  movement  are  not  sufficient 
to  arouse  nausea.  Lebensohn  (5)  could  not 
inhibit  gastric  activity  with  just  the  scull 
surface  of  a  kymograph  drum,  though  ap¬ 
parent  motion  and  nystagmus  were  present. 
Colley  (3),  however,  utilizing  a  cylinder 
routing  about  the  whole  body,  found  inhibi¬ 
tion  of  contractions  and  an  atonic  condition 
of  the  stomach  by  roentgenological  examina¬ 
tion,  His  description  of  the  alteration  in 
gastric  activity  coincides  with  Hatcher’s  (4)  as 
to  the  sequence  of  events  at  the  commence¬ 
ment  of  nausea  and  vomiting.  It  is  apparent 
that  an  adequate  visual  stimulus  for  nausea 
requires  a  relatively  large,  moving  visual  area. 

In  most  such  experiments  it  was  customary 
to  find  that  only  a  few  5s  became  nauseated. 
The  purpose  of  this  ‘investigation  was  to 
determine  if  these  individual  differences  in 
susceptibility  to  nausea  induced  by  visual 
stimulation  could  be  related  to  individual 
differences  in  susceptibility  to  motion  sickness. 

IZETflOD 

Subjects 

The  motion  sickness  questionnaire  utilised  ted 
validated  by  the  Wesleyan  studies  (1)  was  used  as  a 
basis  for  the  selection  of  5s.  Seven  women  and  9  men 
vert  chosen  foe  the  susceptible  group  (scores  24  and 
below),  and  5  women  and  14  men  for  the  noosuicepUbte 
group  (a  score  of  38).  All  5a  were  students  attending 
the  session. 

Apparatus 

A  room  8  ft.  square  with  70  in.  high  walls  of  fiber 
board  and  a  ceiling  of  stretched  burlap  waa  constructed. 
The  cream-colored  interior  was  uopiinted.  The  entire 
room  was  centered  on  a  revolving  horizontal  wheel,  42 
In.  in  diameter,  driven  by  a  H-b.p.  motor.  A  Variac* 
type  20OCU,  manufactured  by  the  General  Radio 
Company,  was  introduced  into  the  motor  circuit  to 
adjust  the  angular  velocity.  The  velocity  could  also 
be  varied  by  cocans  of  a  lever  which  changed  the 
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tension  of  the  belt  which  drove  the  base  wheel.  The 
angular  velocity  could  thus  be  varied  from  tero  to  24 
rpoJ.  The  y$  chair  was  in  the  exact  center  of  the  room, 
supported  by  a  pipe  which  extended  from  the  bottom 
of  tie  chair  seat  down  through  the  wheel  bearing  to 
the  .wheel  base.  A  second  pipe  extended  from  the  top 
of  the  chair  frame  up  through  the  ceiling  of  the  revolving 
room  and  was  anchored  to  the  rafters  of  the  experi¬ 
mental  room.  The  chair  was  completely  independent 
of  the  routing  room  and  remained  sUtionary  when 
the  room  revolved.  It  was  possible,  however,  to  revolve 
the  cLair  by  hand  when  standing  in  the  room.  For 
illumination,  a  60-w.  bulb  was  placed  on  the  forward 
edge  of  the  upper  framework  of  the  chair. 

Procedure 

After  being  seated,  the  5s  were  instructed  to  keep 
their  eyes  open  and  watch  the  floor,  walls,  and  ceiling 
of  the  room,  rather  than  some  part  of  their  body.  If 
they  felt  they  were  going  to  vomit,  they  were  to 
instruct  K  to  stop.  The  5s  were  not  told  the  chair  would 
ttvolve,  but  after  they  were  in  the  chair,  it  was  spun 
around  once  to  give  the  suggestion  that  they,  and  not 
the  room,  would  be  spinning.  The  program  of  velocities 
was  to  accelerate  the  room  during  14  sec.  to  24  rpm 
and  maintain  a  period  of  constant  velocity  for  20  sec, 
and  then  switch  off  the  current  and  allow  the  room 
to  decelerate  for  20  see.  to  a  velocity  of  9  rpm.  The 
cyck  was  immediately  repeated  and  continued  for  10 
min.,  or  until  5  requested  rotation  to  atop. 

RESULTS  AND  DISCUSSION 

The  resulting  symptoms  were  the  basis  for 
categorising  5s: 

a.  Nausea.  Those  5s  who  requested  the 
motion  to  stop  before  the  10*min.  period  was 
completed,  and  those  5s  who  by  their  own 
reports  indicated  they  were  just  able  to  last 
out  the  full  10  min.  This  group  was  typified 
by  having  to  rest  before  leaving  the  experi¬ 
mental  room,  and  by  their  fear  of  immediate 
vomiting. 

fc  Litfit  nausea.  These  5s  lasted  out  the 
full  10  min.,  but  upon  being  questioned  after¬ 
wards  reported  "feelings'*  of  nausea.  They 
expressed  the  belief  that  they  would  have 
vomited  if  they  bad  been  exposed  for  a  longer 
period  of  time. 

c*  Dimness.  This  group  reported  duaincss 
after  stimulation,  but  no  nausea. 

<L  No  nausea  and  no  dizziness. 

The  results  are  presented  in  Table  1.  When 
questionable,  all  judgments  were  made  con¬ 
servatively,  that  is,  in  the  direction  of  lesser 
nausea.  Most,  though  not  all,  judgments  were 
made  without  the  knowledge  of  the  suscepti¬ 
bility  group  in  which  5  fell. 


Of  the  four  5s  classified  in  the  "nausea" 
category,  three  requested  that  rotation  be 
stopped  before  the  10-min,  period  had  elapsed. 
Two  men  lasted  for  2J^  and  5 H  min.,  re¬ 
spectively,  while  one  woman  requested  rota¬ 
tion  to  stop  after  min.  No  decided  sex 
differences  in  the  occurrence  of  nausea  were 
noted. 


TABLE  1 

Incidence  of  Nausea  in  Relation  to  Susceptibility 
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TABLE  2 

Incidence  of  Nausea  tn  Relation  to  Perceived  Rotation 
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An  inspection  of  the  results  reveals  very 
clearly  that  individuals  susceptible  to  motion 
sickness  are  also  susceptible  to  nausea  in  a 
rotary  visual  field,  and,  conversely,  non- 
ausceptibles  arc  resistant.  By  grouping  the 
data  of  Table  1  bto  four  cells,  using  suscepti¬ 
ble*  and  nonsusceptibles  as  the  first  and 
second  classifications,  symptom  categories 
a  and  b  as  the  third,  and  categories  c  and  d  as 
the  fourth,  a  fourfold  table  results.  The  null 
hypothesis  that  such  a  distribution  of  indi¬ 
viduals  arose  by  chance  is  refuted  by  a  prob¬ 
ability  value  of  .012  as  indicated  by  chi  square 
computed  by  the  direct  method.  It  may  be 
concluded  that  some  of  the  individual  differ¬ 
ences  found  in  previous  studies  may  be  related 
to  the  5s'  motion  sickness  susceptibility. 

Informal  discussion  with  several  of  the  5s 
a  few  days  afterward  indicates  that  the  effects 
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of  this  particular  form  of  stimulation  may  last 
for  some.  time.  One  of  the  nonsusceptible  men 
reported  only  dizziness  immediately  following 
stimulation,  but  after  he  left  the  experimental 
room  he  began  to  feel  slightly  nauseated.  This 
condition  lasted  for 'about  2  hr.  The  5s  were 
categorized  in  terms  of  the  reports  immediately 
following  rotation*  and  no  changes  were  made 
on  the  basis  of  any  later  information.  One 
susceptible  man  in  the  “light  nausea**  cate¬ 
gory  lost  his  appetite  for  lunch.  A  susceptible 
man  in  tbe  “nausea'*  category,  who  requested 
rotation  to  stop  after  min.,  vomited  upon 
reaching  home  and  complained  of  aftereffects 
consisting  of  a  severe  headache  and  light 
nausea  for-  the  following  two  days.  These  after* 
effects  were  particularly  noticeable  when  he 
was  watching  large,  moving  objects. 

The  5s‘  rejx)rts  as  to  whether  the  room  (true 
motion)  or  the  chair  (apparent  motion)  was 
actually  revolving  are  of  interest.  Table  2 
presents  these  data  in  terms  of  those  5s  who 
fell  ini o  symjuom  categories  a  and  b  (nausea 
group),  and  those  5s  who  fell  into  symptom 
categories  c  and  d  (no-nausea  group).  Thirty- 
three  5s  were  ignorant  of  the  structural  fea¬ 
tures  of  the  equipment  and  were  subjected 
only  to  the  £*s  indirect  suggestion  that  \he 
chair  would  be  turning.  Two  5s  knew*  the  true 
nature  of  the  equipment;  one  (a  susceptible) 
was  classified  as  "light  nausea,"  and  the  other 
(a  nonsusi'cptible}  as  "dizziness."  Both  5s 
reported  that  ihe  chair  seemed  to  be  revolving 
in  Spite  of  their  previous  knowledge  to  the 
contrary.  In  the  breakdown  in  Table  2,  these 
two  5s  were  arbitrarily  placed  in  the  "thought 
chair  was  revolving*'  category. 

For  those  5s  who  thought  that  cither  the 
chair  or  the  room  could  be  revolving  and 
were  not  positive  as  to  the  true  state  of  affairs, 
the  illusion  of  rotation  would  shift  from  room 
to  the  chair  and  back.  For  some,  this  alterna¬ 
tion  would  occur  without  conscious  effort. 
Other  5s  within  this  group  found  they  could 
alternate  the  illusion  voluntarily  by  ivatehing 
some  part  of  their  body,  or  momentarily  closing 
their  eyes,  even  though  they  were  spccilically 
instructed  not  to  do  so. 

From  an  inspection  of  Table  2  it  is  suggested 
that  the  individual*  who  perceived  the  ap¬ 


parent  rotation  tended  to  be  unaffected,  and, 
conversely,  those  who  perceived  the  actual 
motion  tended  to  experience  nau$e3.  The  .Vs 
involved  in  each  cell  are  too  small  to  permit 
adequate  analysis,  and  further  work  is  needed 
to  determine  if  such  a  relat ionshin  is  a  true  one. 

<r  SUMMAkv"  AND  CxiN^USIONS^^ 

CTwo  prouns  pf  5*.  uuAsiKrrpnble  and  the 
other  not  susceptible  to  motion  sickness, 
were  Subjected  to  a  rotating  room  situation 
Tn  which  they  remained  stationary.  The  re¬ 
sulting  nausea  symptoms  were  categorized  on 
an  arbitrary  four-point  scale.  * 

2.  The  results  indicate  that  individuals 

susceptible  to  moTton  sickness  are  also 
ceptible  to  nausea  m  a  rotary  visual  held 
situation.  antL  conversely^  mmausrephbles 
are  resistant.  "  *“ - — 

3.  It  is  concluded  that  some  of  the  individual 
dill  ere  rices  m  regard  iu  nausea  fou  lupin  pnp"* 
vious  studies  utilizing  rotary  visual  frgjds  may 
beTelatcd  to  the  motion  sickness  susceptibility 
of  subjects. 
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ABSTRACT  T- 

Variable  *  amounts  of  standing  and  walking 
unsteadiness^  have  been  reported  following 
training  suasions  in  the  Navy's  ground-based 
P3-C  operational  flight  trainer  {2F67).  This 
t  ■  i.-Quillbrlu*  Is  accompanied  by  other  symptoms 
related  to  vestibular  upset  {dizziness*  vertigo, 
stomach  awareness,  headache).  Reviews  of 
previously  published  reports  of  Air  Force  and 
Navy  simulator  sickness  studies  show  that  while 
leans,  unsteadiness,  ataxia  and  incoordination 
had  been  reported  before,  this  aspect  of 
simulator  sickness  has  not  previously  been 
emphasized.  It  Is  believed  that  these 
conditions  can  reduce  the  effect* veness  of 
training,  and  perhaps  more  importantly,  pose  A 
threat  to  aircrew  safety  in  the  event  of  air  or 
motor  vehicle  operations  during  the  period  of 
the  post  sifisuUtcr  exposure. 

introduction 

Along  with  the  increased  usage  of  ground- 
basea  flight  simulators  has  been  the  Increased 
incidence  of  disturbances  due  tc  the  optokinetic 
relationships  of  the  visual  displays  and  the 
mono*  platforms.  Simulator  sickness  Is  the 
collective  term  for  this  aalady  and  the  symptoms 
which  occur  are  generally  similar  to  the 
symptoms  of  air,  sea ,  and  space  sickness.  As 
with  other  forms  of  motion  sickness,  the 
disturbances  are  probably  caused  by  vlsual- 
vesttbular  Interactions  {Reason  A  Brand,  1975). 
However,  preliminary  evidence  suggests  that 
different  classes  of  symptomatologlc  after¬ 
effects  occur  In  different  simulators.  Ve  find 
it  convenient  to  consider  simulator  sickness  In 
three  mam  classes  of  aftereffects  which  have 
significance  for  military  aircrew  training. 
These  include:  1)  nausea  and  other  neurovegt- 
tative  symptoms;  2)  postural  dlsequi librium  and 
other  psychos  tor  aftereffects;  3)  drowsiness, 
dizziness  and  other  eerebro/ visual  anomalies. 

Recently  a  computer  Image  generation  (CIS) 
system  was  Installed  in  a  P3-C  operational 
flight  trainer  at  NAS,  Brunswick,  HE.  The  new 
system  replaced  a  camera  mode) board  system  rfilch 
had  permitted  a  wide  field  ?r  view  for  pilot, 
copilot  and  flight  ^ngi  „r.  The  pilot  and 
copilot.  In  the  pr*-  ‘^figuration,  each  have 
forward  viewing  CftT/ClG  displays  and  the  pilot 
has  an  additional  side  view  CRT/C1G  display  for 
use  In  cl rcl Ing- to- landing  approaches.  However, 
the  flight  engineer  has  no  display  of  his  own 
and  Is  30  degrees  off-axis  when  viewing  the 
pilots*  and  copilots'  CIGs.  Vlth  the  Intro- 
<*iCt1oo  of  the  new  system  came  reports  of 
Simulator  sickness  In  flight  engineers,  but 
generally  favorable  reactions  from  pilots  end 
copilots.  These  sickness  reports  Included 
iywctomology  Jrom  each  of  the  three  categories 
listed  above. r  the  study  which  follows  evaluates 
the  sickness  which  occurred  and  reports  on  two 
human  factors .engineering  design  options  set  up 
to  minimize  the  problem. 

SUBJECTS.  Subjects  were  kATOP$  qualified  P3-C 


flight  crews,  i.e.,  pilot,  copilot,  and  flight  7* 
engineer,  who  were  regularly  attached  to 
fixed-wing,  patrol  squadrons  that  comprise 
Patrol  Wing  5  stationed  at  NAS  Brunswick,  Heine. 
Subjects  were  accessed  from  crews  scheduled  for 
normal  refresher  and  certification  training  at 
Fleet  Aviation  Specialized  Operational  Training 
Group,  Atlantic  (FAS9TRAGRULANT )  Oetachment 
Brunswick.  Additional  observations  were  made 
using  Instructor  pilots  and  flight  engineers 
from  PATWING-5  and  one  group  of  training 
devicemen  from  the  FASO  unit  operating  the 
Simulator. 

APPARATUS.  The  basic  apparatus  used  in  this 
study  was  the  P3-C  operational  flight  trainer 
which  Is  designated  as  training  device  ?F87F. 
This  Hgh  fidelity  simulator  manufactured  by  the 
Link  Olvisto.i  of  the  Singer  Company,  reproduces 
the  flight  deck  environment  {with  the  addition 
of  an  Instructor/operator  station)  mounted  upon 
a  otlen  platform  with  six-d*gr*es-of-freedom. 

Visual  displays  representative  of  externa) 
aircraft  environs  ts  are  provided  by  Kcdonne1* 
Douglas  Vital  IV  Computer  Ir tge  Generation  iCICO 
system.  This  CIG  system  provide  high  resolu- 
lution*  chroma. ,c  displays  collimated  to  the 
pilot  and  copilot  positions,  respectively,  and 
i$  described  in  detail  In  service  manuals. 

Ancillary  apparatus  used  In  this  invest¬ 
igation  included  a  styrofoam  baffle,  painted 
flat  black.  This  baffle  fashioned  by  hand  from 
commercially  available  styrofoam  was  used  in  two 
distinct  configurations  In  order  to  occlude 
the  flight  engineers*  visual  Input  f~om 
the  pilots'  displays.  Additionally,  a 
Hewlett-Packard  monochromatic  video  monitor  was 
used  to  provide  the  flight  engineer  with  a  low 
fidelity  repeat  of  the  pilots*  visual 
presentation. 

PROCEDURE.  The  Investigation  was  conducted  In 
two  phases.  Phase  one  addressed  problem 
Identl fltatlon  while  phase  two  evaluated  the 
feasibility  of  an  addition*!  display  for  the 
flight  engineer.  In  each  phase  two  provocative 
tests  of  vestibuUr  effects  were  employed:  1) 
Pensacola  motion  Sickness  Symptonology  forms 
were  filled  out  and  scored  according  to  the 
method  described  in  Vlker,  Kennedy,  HcCauley,  A 
Pepper,  19791;  2)  postural  equilibrium  tests 
just  prior  to  commencement  of  a  simulator  hop 
and  1  mediately  upon  completion  of  the  exercise 
were  conducted.  The  posture  tests  employed  we^e 
the  walk-on-floor  eyes-closed  end  stand-on-one- 
foot  eyes-closed  of  Fregly,  Graybitl ,  and  Smith 
(1972).  According  to  Fregly  (197*1  these  two 
tests  possess  excellent  reliability  and  pre¬ 
dictive  validity  for  the  full  scale  rail  walking 
performance  of  the  Graybiel-Fregly  posture  test 
(Fregly  I  GfiyMel.  1966).  The  tests  are  de¬ 
scribed  In  detail  elsewhere  (Fregly  et  a!  1972) 
but  In  suxwary  each  subject*!  session  scores 
were;  a)  walking  -  the  best  three  trials  out  of 
five  with  a  maximum  score  of  20  steps;  b) 
standi ng  -  the  best  three  trials  out  of  five 
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«ith  a  maxintim  score  of  180  seconds. 

Typical  flight  simulation  session  duration 
was  approximately  four  hours.  [Anectdotal 
reports  had;  indicated  postural  disequil ibrium 
was  rarely -’encountered  when  the  visual  scene 
content  during  the  majority  of  the  exercise  was 
impoverished  (e.g.,  over  water  flights). 
Therefore,  *nly  hops  whose  training  objectives 
would  necessitate  rich  visual  scenes  (e.q.,  re¬ 
peated  aoproacn  and  take-offs)  were  used.]  Data 
were  obtained  under  four  conditions  1)  with,  and 
2)  without  occlusion  (baffle)  of  flight 
engineer's  view  while  platform  motion  was  3)  on, 
or  4)  off. 

EVALUATION  OF  LOW  FIDELITY  FLIGHT  ENGINEER 
DISPLAY.  Procedures  for  this  phase  of  the 
investigation  were  almost  identical  to  those 
described  in  the  preceding  subsection  except  for 
tne  following  departures.  The  baffle  was 
modified  to  allow  the  engineer  visual  access  to 
a  Hewlett-Packard  monochrome  repeater  tempor¬ 
arily  installed  for  this  evaluation.  Motion  was 
not  ueed  during  this  phase  and  only  two 
conditions  (with  and  without  baffle)  were 
tested, 

RESULTS 

These  results  can  be  summarised  as  follows. 
Motion  (either  "on**  c**  “off!  had  no  effect  upon 
the  dependent  measures  In  the  problem  identi¬ 
fication  phase.  The  occlusion  of  the  flight 
engineer  from  the  pilots*  visual  Input  by  the 
insertion  of  the  baffle  significantly  (p<«0U 
eliminated  the  symptoms  of  postural  disequi¬ 
librium  seen  in  approximately  fifty  percent  of 
tne  engineers  in  control  conditions  with  no 
baffle.  Tne-ie  results  were  repeated  In  the 
second  phase  of  the  experiment  along  with  the 
observation  that  addition  of  the  low  fidelity 
CRT  display  for  the  flight  engineer  had  no 
significant  impact  upon  the  relationship* 
described  above  with  no  display*  in  other 
words,  baffle  and  display  results  were  no 
different  than  baffle  alone,  while  display 
without  baffle  was  not  different  fro*  unoaf fl*d 
condition  in  the  problem  identification  phase. 

OISCUSSION 

The  results  of  this  study  are  clear  cut. 
Off-axis  CIG  viewing  of  CRTs  by  flight  engineers 
produces  ataxia  and  other  symptoms  of  ■otion 
sickness.  Longer  exposures  result  in  more 
pronounced  and  protracted  effects.  Occluding 
the  flight  engineer's  view  of  the  forward 
viewing  displays  obviates  the  problem  but  also 
mates  that  aircrew  position  IFR.  A  low  fidelity 
CRT  affords  some  protection  and  allows  the 
flight  engineer  a  font  of  VFR.  Obviously* 
off-axis  viewing  should  be  avoided  if  possible 
in  the  design  of  future  systems. 

Although  synptoKS  of.  siffulator  sickness 
observtd  in  this  study  resemble  those  reported 
elsewhere, 1  enough  differences  occur  (incidence, 
time  course,  symptom  *1*,  etc.)  that  it  is 
probable  this  malady  is  polygenic.  Presently 


Insufficient  data  are  available  to  identify  the 
aetiological  significance  of  the  different 
equipment  features  which  are  most  sickness 
provoking  in  the  different  simulators.  It<^ 
appears  that  in  addition  to  the  off-axis*// 
viewing  reported  here,  field  of  view,  visual  r* 
inertial  lags,  highly  dynamic  visuals,  are  all.*; 
provocative. 

Because  of  the  extraordinary  advantage  for-* 
training  of  ground  based  flight  simulator*  it 
can  be  expected  that  their  use  will  increase 
greatly.  Thus  the  problems  of  simulator 
sickness  should  be  studied  more  because  they  can 
be  expected  to  compromise  training  effectiveness 
so  greatly.  It  is  probable  that  display 
properties  which  are  most  conducive  to  problems 
can  be  identified  and  perhaps  avoided  in  future 
designs.  For  this  reason,  a  survey  should  be 
undertaken. 

While  simulator  sickness  Is  not  a  unitary 
category  for  biomedical  diagnosis.  It  continues 
to  be  employed  as  such  by  the  manager  of  human 
resources  who  attaches  Ms  problems  (l.e.  the 
adverse  effects  of  simulator  sickness!  to  the 
simulator.  It  Is  our  view  that  it  would  help  to 
distinguish  whether;  I)  unpleasant  side  effects 
will  reduce  pilot  acceptance  and  therefore  lower 
simulator  usage;  2)  perceptual  aftereffects  from 
simulator  exposure  may  place  a  subject  at  risk 
exiting  the  simulator  or  at  sometime  later;  and 
3)  habits  (e.g.,  adaptation)  learned  in  the 
iiKXjlacor  will  transfer  to  the  aircraft  and 
have  negative  consequences.  TMs  taxonomy 
combined  with  the  three  classes  of  aftereffects 
listed  above  might  provide  a  common  language  for 
all  to  employ  wheh  discussing  the  difficulties 
of  simulator  sickness.  For  instance,  while  the 
biomedical  complaint  (e.g.  discomfort)  may  be 
obviated  by  shorter  exposures,  it  does  not 
ensure  that  the  other  problems  (e.g.*  learning 
incorrect  habits)  may  also  be  removed. 

The  authors  are  encouraged  with  the  use  of 
tests  of  postural  disequilibrium  as  diagnostic 
signs  of  adverse  effects  of  the  different 
displays  which  were  employed.  The  significant 
differences  between  the  with  and  without  VFR 
condition  in  the  first  study  enabled  us  to 
understand  with  greater  confidence  th*  efficacy 
of  the  low  fidelity  CRT  display.  Moreover  the 
objective  nature  of  tests  of  postural  equili¬ 
brium  make  it  a  better  prospect  for  routine  use 
at  simulator  centers  by  technicians  rather  than 
the  wore  subjective  symptomology  scoring 
procedure  (cf  Wiker,  et  a<  1979).  We  feel  that 
development  of  more  sophisticated  objective 
measures  of  postural  equilibrium  Jcf  Penman) 
holds  promise  for  better  understanding  of  si  is¬ 
olator  sickness  problems,  The  utility  Is;  11  as 
a  sensitive  diagnostic  tool  in  order  to  deter¬ 
mine  whether  an  effect  Is  present  from  exposure, 
and  2)  as  a  metric  device,  between  and  within 
subjects,  where  different  display  features  could  ; 
be  compared  for  relative  magnltuda  of  effects.  - 
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MEMORANDUM 


N-712:IHF 
1  February  1982 


From:  {J-712  T 

To:  fl-221  (R.  L.  Cannad'ay)  T 

Subj:  2F117A  CH-46A  WSJ;  psychophysiological  disturbances  in 

1.  Preliminary  evaluation  of  the  CH-46E  WST  (2F117A)  at  Reflectcne,  Inc., 

Tampa,  FL  revealed  several  factors  which  could  lead  to  psychophysiological 
disturbances  in  aircrew  members  and  the  instructor  pilot.  For  instance, 

it  was  noted  that  the  horizon  did  not  form  a  continuous  line  from  one  wind¬ 
screen  to  the  other  when  the  simulator  was  in  a  bank  cr  turn.  There  was  also 
considerable  flicker  of  the- display  which  would  lead  tc  visual  fatigue.  This 
is  noteworthy  since  it  is  well  documented  that  fatigue  is  a  major  contributor 
to  disorientation.  Furthermore,  the  copilot  can  only  see  portions  of  the 
display  since  all  optics  are  focused  to  the  pilot's  design  eye  position. 

This  is  extremely  awkward  and  disturbing  to  the  copilot.  He  is  receiving 
unfocused,  somewhat  uninterpretable  signals.  Une  would  predict  a  priori  that 
tiie  copilot  would  be  more  susceptible  to  simulator-induced  problems  than  the 
pilot.  Similarly  the  instructor  pilot,  although  having  a  better  field  of  view, 
is  observing  optics  focused  for  the  pilot. 

2.  Additional  items  could  be  listed  that  may  lead  to  psychophysiological 
disturbances.  However,  it  is  too  premature  to  unequivocally  state  that  the 
2 K 11 7 A  contributes  towards  "simulator  sickness."  The  etiology  of  simulator 
sickness  is  not  well  understood  and  currently  under  investigation  in  this 
laboratory. 

3.  It  is  our  reconunendat<on  that  the  simulator  be  closely  monitored  after 

its  on-site  installation  for  incidences  of  simulator  sickness,  lhe  monitoring 
can  be  easily  accomplished  by  a  questionnaire.  The  questionnaire,  which  we 
would  develop  at  N-712,  would  help  elucidate  the  relative  incidence  of  dis¬ 
turbance  (if  any),  under  what  circumstances  it  occurred,  and  some  experiential 
characteristics  of  the  users.  Based  upon  the  results  of  the  questionnaire, 
we  could  then  make  a  more  detailed  analysis  of  the  defined  problem  and  recommend 
a  solution. 

4.  Setting  aside  the  problem  of  simulator  sickness,  we  believe  a  more  immediate 

and  significant  problem  of  the  2F117A  Is  its  capability  to  provide  adequate 
training  for  the  copilot  In  other  than  I FR  flight  conditions  (i.e.,  no  visual). 
Due  to  the  incomplete  visual  scene  the  copilot  can  observe,  it  appears  on  the 
surface  at  least,  that  the  only  actions  he  can  take  are  instrument  monitoring 
and  radio  communication.  Navigation  by  visual  means  and  terrain  rotor  blade 
clearance  calls,  for  example,  cannot  be  performed.  It  is  strongly  recommended 
that  an  immediate  training  effectiveness  evaluation  be  performed.  t 


Frank,  t.H.,  S  Crosby,  T.N.  Psychophysiological  disturbances  In 
the  2F117A,  CH-46A  WST  (Memorandum  N-712:IHF).  Orlando,  FL;  Human 
Factors  Laboratory,  Naval  Training  Equipment  Center,  1  Feb,  1982. 
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N-7 1 2 : LHF 
1  February  1982 


Subj:  2F117A  CH-46A  WST;  psychophysiological  disturbances  in 

V'  "V 

5.  We  greatly  appreciate  being  invited  to  consult  on  the  2H17A.  We  regret^ 
that  our  evaluation  could  not  be  more  definitive.  Please  contact  us  at  any  time 
for  additional  assistance  on  this  or  any  other  human  factor  problem.  ^ 

~  b 


L.  H.  FRANK 
LCR,  M5C,  USN 


T.  N.  CROSBY 
IT,  MSC,  USN 


Hartman,  B.  0.,  &  Hatsell,  C.  Field  study:  SAAC  simulator. 
Brooks  AFB,  TX:  USAF  School  of  Aerospace  Medicine,  Oct.  1976. 


1.  The  GSAF  School  of  Aerospace  Medicine  has  conducted  a  staff  study 
o'  the  Simulator  for  Air-to-Air  Combat  (SAAC)  located  at  Luke  AFB  AZ. 
The  problem  arises  from  a  variety  of  psychophysiologic  symptoms  in 
pilots  occurring  while  or  following  flying  the  SAAC.  The  requirement 
for  this  staff  study  originated  in  the  Phase  I  FOT&E  report.  There 
was  a  subsequent  letter  request  from  TAC/DR  (Major  General  Leaf) 
through  AFSC/SGB  to  AMD. 

2.  The  SAAC  is  designed  for  training  in  visual  air-to-air  combat 
simulation.  The  system  provides  two  F-4E  cockpits  on  six-degree-of- 
freedom  motion  bases.  Each  cockpit  has  a  canopy  formed  by  eight  CRTs 
which  provide  a  total  FOV  of  3000  horizontal  and  142°  vertical. 

Visuals  are  a  combination  of  TV  presentation  cf  a  slaved  aircraft 
model  as  a  target  with  a  CGI  background  showing  sky  and  terrain. 

Motion  effects  are  further  simulated  by  "G"  suit,  "G"  seat,  and  light 
dimming  operations.  This  system  is  manufactured  by  Singer  with  visu¬ 
als  by  Farrand  and  computers  by  Aerox. 

3.  An  on-site  study  was  conducted  at  Luke  AFB  AZ  by  the  USAF  School 
of  Aerospace  Medicine  during  the  period  3-6  August  1976.  Pilot  com¬ 
plaints  and  symptoms  resulting  from  "flying"  missions  on  the  SAAC 
were  quantitatively  and  qualitatively  assessed.  Several  data  sources 
were  utilized: 

a.  Interviews  with  14  pilots,  including  most  of  the  IPs  who  flew 
multiple  missions  as  part  of  Phase  I  FOT&E,  student  pilots  who  had 
flown  only  one  or  two  SAAC  missions,  and  3  pilots  as  they  emerged  from 
a  SAAC  mission 

b.  Review  of  approximately  100  questionnaires  obtained  during 
Phase  I  from  IP  test  subjects 

c.  The  Phase  I  FQT&E  report  , 

d.  Two  rides  on  SAAC,  the  second  of  which  was  "maximum  maneuvers" 
to  try  to  induce  motion  sickness  and/or  other  symptoms  in  the  investi¬ 
gator 


e.  One  ride  on  the  ASUPT  simulator  (Williams  AFB)  and  the  For¬ 
mation  Flight  Trainer  (FFT)  simulator  to  compare  visual  display  systems 

f.  A  conference  with  the  commander,  the  chief  flight  surgeon,  and 
the  staff  ophthalmologist  at  the  USAF  Hospital,  Luke  AFB 

4.  The 'complaints  from  Phase  I  and  our  initial  analysis  were  as 
follows: 
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Spatial 


disorientation  (52%).  Reported  on  only  the  first  one 
or  two  rides.  None  of  the  classic  symptoms  were  present.  The  pilots 
are  basically  reporting  that  the  simulator  "feels  strange  at  first." 

The  report  is  made  even  when  the  motion  system  is  inoperative.  Spatial 
disorientation  in  the  classical  sense  did  not  appear  to  be  a  problem. 


b.  Eye  strain  (50%).  Initially  reported  for  only  the  first  one  or 
two  rides.  During  interviews,  it  was  established  that  it  occurs  on 
every  ride  for  those  pilots  who  report  it  at  all.  The  visual  display 
system  appears  to  have  some  deficiencies.  It  is  an  infinity  optics 
system  using  an  array  of  CRTs;  the  CRT  resolution  permits  pilots  with 
excellent  visual  acuity  to  see  the  raster  lines.  Our  initial  hypothesis 
was  that  the  pilots  found  themselves  in  a  state  of  visual  accommodative 
conflict,  trying  to  accommodate  on  near  stimulus  cues  while  required  to  i 
achieve  an  infinity  view  with  zero  accommodation.  The  problem  is  com-  / 
plicated  by  focus/brightness  differences  between  adjacent  CRTs,  which 
need  to  be  routinely  tuned  and  matched,  possibly  a  little  out  of  focus. 
The  visual  problem  is  further  complicated  by  resolution  difficulties 
in  tracking  the  target  ship  at  apparent  distances  beyond  1-2  miles. 
Analysis  of  the  visual  problems  was  conducted  subsequently  by  the  hos-  j 
pita!  ophthalmologist  (It  Col  Kennedy).  His  final  conclusions  are 
that:  — ' 

(1)  Tnere  are  some  near  vision  cues  which  stimulate  the 
accommodative  conflict  initially  identified,  but  these  become  less 
significant  after  a  couple  of  rides. 


(2)  The  problem  seems  to  be  a  larger  physiologic  conflict 
involving  (in  combination)  disrupting  vestibular  inputs,  unnatural 
"cerebral"  (perceptual)  inputs,  and  conflicting/disturbing  inputs  to 
the  eye. 


This  will  be  a  continuing  but  tolerable  problem  with  the  SAAC. 

c.  Headaches  (32%).  The  result  of  eyestrain.  Reported  to  occur 
on  only  the  first  one  or  two  rides,  but  actually  occurs  for  every  pi¬ 
lot  who  experiences  eyestrain.  This  will  be  a  continuing  but  toler¬ 
able  problem  with  the  SAAC. 

d.  Nausea  (14%).  Reported  for  only  the  first  one  or  two  rides. 

Is  most  likely  the  result  of  the  combination  of  eyestrain/headache 
and  the  extreme  rates  of  perceived  motion  during  typical  F-4  ACM 
(motion  system  on  or  off  may  be  somewhat  irrelevant  to  this  problem). 
May  occur  infrequently  probably  only  for  those  pilots  who  do  not  feel 
up-to-par  the  day  of  the  ride.  Not  a  significant  problem,  but  probably 
will  occur  periodically. 

e.  ^Tiredness  (38%).  The  natural  result  of  a  high  workload  ACM 
simulato'r  mission. 


A  further  statistical  description  of  the  extent  of  these  symptoms  is 
given  in  Table  1.  Note  that,  overall,  impairment  of  performance  is 
infrequent  (e.g.,  no  ratings  of  4). 

5.  Further  analysis  of  the 'contribution  of  the  motion  system  to  the 
reportedcsymptoms  was  performed.  Motion  picture  films  were  obtained 
of  the  simulator,  including  external  film  clips  with  the  simulator  in 
motion,  and  cockpit  film  clips  of  the  visual  display  "motion."  Film 
clips  were  provided  by  the  IG  Safety  Center,  Norton.  Review  of  the 
clips  on  visually  displayed  "motion"  did  not  reveal  anything  particu¬ 
larly  provocative,  but  this  analysis  was  limited  because  of  the  quality 
of  the  filmed  shots.  (Good-quality  films  are  exceptionally  difficult 
to  obtain  under  the  conditions  confronting  the  photographer  in  the 
cockpit.  The  Norton  photographer  did  an  exceptional  job  in  providing 
us  with  photographic  data.)  The  external  shots  were  of  superior  qual¬ 
ity  and  allowed  USAFSAM  to  perform  an  approximate  frequency  analysis 

of  the  behavior  of  the  motion  system.  The  external  clips  were  scored 
for  vertical  and  horizontal  displacement  on  a  frame-by-frame  basis. 

Motion  platform  displacement  scores  were  analyzed  for  spectral  content 
using  a  fast  Fourier  transform  computer  program.  Supplementary  data 
on  the  motion  system  were  also  obtained  from  the  contractors'  proposal 
documents  and  used  to  verify  the  analysis  of  empirical  data. 

6.  Problems  addressed  in  the  motion  system  analysis  are  as  follows: 

a.  Nausea.  There  have  been  two  cases  of  emesis  in  subjects  fly¬ 
ing  the  SAAC.  In  at  least  one  of  these  cases  the  motion  system  was  on. 
Numerous  (14%)  subjects  report  mild  nausea  which  apparently  occurs  with 
or  without  the  motion  system  engaged  and  which  is  no  longer  a  problem 
after  two  or  three  missions. 

b.  Visual  display/motion  system  synchronization.  Subjects  report 
that  the  simulated  aircraft  feels  oversensitive.  \ 

7.  As  background  for  the  subsequent  paragraphs,  a  review  of  the  motion 
sickness  literature  reveals  a  surfeit  of  theories;  however,  there  are 
some  common  threads.  Pilots  integrate  visual  and  proprioceptive  infor¬ 
mation  in  order  to  maintain  an  inertial  reference  frame  and  perceive 
motion  relative  to  it.  This  requir  s  Captation,  after  which  orienta¬ 
tion  can  be  maintained  with  relative  ease.  When  placed  in  a  novel 
situation  in  which  learned  visual-proprioceptive  relationships  are  no 
longer  valid,  a  pilot  must  work  hard  to  solve  the  orientation  problem 
and  thus  may  feel  disoriented  and  queasy.  Readaptation  must  occur  be¬ 
fore  the  subject  again  feels  at  ease.  This  phenomenon  could  explain 

the  disorientation  and  mild  nausea  experienced  by  pilots  on  their  initial 
SAAC  missions  (ref.  1). 

8.  It  i$  known  that  vertical  periodic  motion  in  the  ranqe  of  0.2  Hz  to 
0.4  H2  i$  a  very  effective  stimulus  for  motion  sickness  (ref.  2).  In 
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order  to  determine  if  the  SAAC  motion  has  significant  frequency  com¬ 
ponents  in  this  range,  spectral  analysis  previously  described  was 
performed  on  a  two-dimensional  time  series  derived  from  a  single  250- 
sec.  fi lined  sequence  of  the  SAAC  motion.  Figure  1  shows  that  there 
is  indeed  a  major  portion  ofacceleratory  energy  in  the  0.2  Hz  to  0.4 
Kz  range*:  Lacking  detailed  physical  characteristics  of  the  motion 
system,  tt  is  not  possible  to  determine  the  origin  of  this  phenomenon 
with  certainty;  however,  a  preliminary  analysis  suggests  that  it  may 
be  caused  by  the  nonlinear  restorative  forces  near  the  limits  of  verti¬ 
cal  motion  (buffer  regions)  in  the  same  sense  that  a  Duffing  oscillator 
can  have  a  low-Q  resonance.  In  any  case,  the  acceleratory  motion  spec¬ 
trum  of  the  single  time  series  analyzed  would  be  sufficient  to  cause 
motion  sickness  in  moderately  susceptible  subjects  over  a  period  of  ex¬ 
posure  of  one  hour.  It  must  be  emphasized  that  longer  time  series  of 
higher  quality  must  be  analyzed  before  definite  conclusions  can  be 
reached.  The  SAAC  project  office  at  Luke  is  acquiring  higher  quality 
data.  We  are  prepared  to  support  or  analyze  in  parallel  this  new  data. 

9.  The  overly  sensitive  feel  of  the  simulator  is  probably  due  to  the 
low-level  motion  system  cues  presented  to  the  subjects  by  the  SAAC 
motion  system.  Specifically,  experiments  have  shown  that  subjects  can 
generate  greater  rate/displacement  sensing  and  thus  better  tracking 
performance  and  a  less  sensitive  “feel"  in  a  motion  base  simulator 
than  in  a  fixed  base  simulator.  A  review  of  data  in  the  Singer  pro¬ 
posal  suggests  that  with  the  18,240  pounds  motion  system  payload  a 
vertical  acceleration  increment  of  only  +0.2  g  is  attainable  (com¬ 
puted  by  assuming  a  maximum  increment  of  +1.0  g  for  an  11,000  pound 
payload  as  reported  in  the  Singer  proposal).  This  certainly  cannot 
reliably  reproduce  motion  cues  familiar  to  trained  pilots  and  un¬ 
doubtedly  contributes  to  the  sensitive  feel  of  the  simulator.  It 

may  also  explain  why,  at  times,  subjects  are  unable  to  report  whether 
or  not  the  motion  system  was  turned  on  during  a  mission. 

I 

10.  With  regard  to  the  motion  system,  the  following  recommendations 
are  made: 


a.  Initial  familiarization  period  of  at  least  one  and  preferably 
two  missions  with  motion  system  “on"  to  allow  establishing  visual- 
proprioceptive  relationships.  Avoid  switching  from  motion-system-on 
to  motion-system-off  modes  after  familiarization.; 

b.  For  a  more  refined  analysis  of  the  motion  system  problem, 
record  motion  data  simultaneously  from  3-axis  accelerometer  located  at 
pilot  position  and  from  the  visual  system  to  allow  quality  spectral 
analysis  to- at  least  5.0  Hz.  This  will  allow  determination  of  the 
significance  of  the  spectral  peak  discussed  in  paragraph  8  and  addi¬ 
tionally  will  allow  closed-loop  modeling  with  the_goal  of  determining 
the  origin  of  this  spectral  peak  and  a  method  of  correction. 
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c.  The  equation  of  motion  governing  the  visual  display  should  not 
be  damped  in  order  to  bring  motion  and  visual  cues  in  step.  This  could 
increase-^the  acceleration  spectral  energy  at  frequencies  below  0.5  Hz 
with  a  resulting  increase  in  motion  sickness  incidence. 

d.  “There  are  some  merits  to  initiating  a  motion  system  upgrade  of 
the  SAAC;  though  we  feel  some  concern  about  the  cost  effectiveness. 

(See  reference  3.)  Upgrading  of  the  SAAC  motion  system  should  have  two 
goals: 

(1)  Increased  motion  cue  quality 

(a)  Increased  motion  amplitude  capability  (both  accel¬ 
eration  and  displacement)  while  maintaining  cue-onset  delays  less  than 
0.1  sec. 

(b)  Minimization  of  cor.flictual  cues. 

* 

NOTE:  A  mixture  of  reliable  and  conflictual  cues  are  present  in  all 
simulators.  It  has  been  shown,  however,  that  even  low-level  simulator 
motion  car.  increase  system  stability  over  fixed  base.  (See  reference 
4.) 

(c)  Motion  cues  of  increased  quality  will  reduce  the 
sensitive  feel  of  the  simulator.  This  results  primarily  from  the 
pilot's  increased  lead  generation  with  motion  base  simulators,  i.e. , 
for  a  pilot  describing  function 

Yp  (ju>)  *  K p  UuTi  *  1)  e‘1UTe 

T-L  (motion  base)  >  Tl  (fixed  base)  .  overall  result  for  most  systems 
Kp  (motion  base)  <  Kp  (fixed  base)  1  .is  increase  in  stability. 

(2) .  Minimization  of  any  tendency  of  the  system  to  produce 
significant  accelerator  spectral  energy  in  the  0.2  *►  0.4  Hz  range. 

(a)  If  it  is  suspected  after  further  analysis  that  the 
resonance  is  due  to  restorative  forces  comprising  the  buffer  regions, 
the  resonant  frequency  could  be  raised  by  placing  the  buffer  region 
onset  point  nearer  the  motion  limits. 

(b)  If  there  are  no  system  resonances  in  the  0.2  0.4 

Kz  range,  accomplishment  of  d.(l)  above  will  likely  satisfy  (2). 

11.  With  regard  to  the  remaining  problems  identified  in  this  staff 
study:  . 

a.  z  Some  attention  should  be  given  to  the  visual  accommodative 
conflict  as  described  in  paragraph  4.b.  above.  Eyestrain  and  mild 
headaches  may  continue  to  be  a  problem  because  the  state-of-the-art 
on  CRT  displays  will  not  permit  much  improvement  at  this  time.  The 
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discomfort  is  mild.  The  current  rule  in  2  squadrons  at  Luke  which  pro¬ 
hibits  a  student  flight  following  a  simulator  ride  without  an  IP  on 
board  errs  on  the  conservative  side  but  reflects  a  realistic  concern 
for  flight  safety.  Squadron  commanders  obviously  have  this  option. 

b.  ^The  visual  motion/physical  motion  systems  are  out  of  sync. 

Roll  and 5>itch  are  overly  sensitive  (as  discussed  above),  exceeding 
the  characteristics  of  the  aircraft.  There  is  the  sianificant  problem 
of  "false  cues"  (reference  3).  Damped  equations  of  motion  (perhaps  10%) 
might  help. 

c.  The  initial  orientation  ride  should  be  carefully  structured. 

The  current  draft  training  syllabus  exposes  pilots  to  normal  maneuvers 
and  familiarization  only,  but  lasts  one  hour.  We  recommend  (from  the 
visual  system  point  of  view)  not  less  than  one  familiarization  ride 
limited  to  one-half  hour  and  to  contain  two  periods  when  the  pilot 
backs  out  of  the  visual  cockpit  enclosure  for  a  few  minutes  to  relax 
and  reorient  to  a  normal  visual  scene. 

12.  ’We  are  prepared  to  assist  further  on  this  problem.  If  the  USAF 
School  of  Aerospace  Medicine  becomes  further  involved,  we  recommend 
a  coupled  effort  with  the  Air  Force  Human  Resources  Laboratory. 


( 


ROBERT  G.  NCIVER,  Colonel,  USAF,  KC 
Commander 
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Havron,  M.  D.,  4  Butler,  l.  F.  Evaluation  of  training 
effectiveness  of  the  2FH2  hell  copter  TTight  trainer  research  tool 
IT echni cal  Report  hJo.  NAVTRaDeVCE^  1915-00-1).  Port  Washi ngton , 
NY:  Naval  Training  Device  Center,  April  1957. 


FORWARD 


Introduction 

This  evaluation  was  conducted  to  determine  the  effecti veness  of  Device  - 
2-FH-2,  Helicopter  Flight  Trainer  Research  Tool.  The  oevice  consists  of  a  unique 
type  of  visual  display,  a  cockpit  with  activated  instruments  and  controls,  ano  a 

GENERALIZED  FLIGHT  SYSTEM  COMPUTER.  IT  WAS  ORIGINALLY  CONSTRUCTED.  TO  DETERMINE 
THE  FEASIBILITY  OF  UTILIZING  AN  INTERNAL  NON-PROGRAHMEO  PO I NT-SOURCE-OF-L I GHT 
PROJECTION  SYSTEM  TO  CREATE  THE  ILLUSION  OF  THREE  DIMENSIONAL  SPACE  ON  A  CURVEO 
PROJECTION  SCREEN.  THE  FLIGHT  COMPUTER  IS  DESIGNED  TO  APPROXIMATE  IN  A  GENERAL 
WAY  THE  FLIGHT  CHARACTERISTICS  OF  THE  BELL  HTl-4  HELICOPTER. 


Purpose  • 

As  A  FIRST  STEP  IN  THE  STUDY  OF  THIS  NOVEL  NON-PROGRAMMED  PROJECTION 

«  •  • 

technique,  Device  2-FH-2  was  installed  a r  Ellyson  F^iclo,  Florida,  ano  the  : 

TRAINING  SYLLABUS  WAS  STUDIED  ANO  ANALYZED  I N.  ORDER  TO  INTEGRATE  THE  OEVICE  INTO 

*  *  I  * 

THE  ROUTINE  HELICOPTER  FLIGHT  TRAINING  PROGRAM,  THE  EVALUATION  SOUGHT  TO 


DETERMINE  TO  WHAT  EXTENT  THE  DEVICE  WAS  USEFUL  IN  INITIAL  STAGCS  OF  HELICOPTER 

%  \  '  1  ,  •  \ 

TRAINING  AND  WHAT  PROBLEMS  AROSE  AS  THE  RESULT  OF. THE  EXPOSURE  OF  STUDENTS  TO  A 

•  •  ■  .  ■  .  •>*’  v  ;!  'i  v'  •  *.  * . 

NUK3CR  OF  HOURS  OF  PRACTICE  IN  THE  OEVICE  PRIOR  TO  FLIGHT  IN  AN  OPERATIONAL 


helicopter. 


•V..  •  r.-  •  • 


tVJ..  •  v: ;  • 


Results 


t.  The  DEVICE  DIO  NOT  DEMONSTRATE  ANY  TRAINING  ADVANTAGE. OVER  THE  routine 


METHOD  OF  TRAINING  IN  HELICOPTER  BASIC  FL.I  GNT.  .TRA4.NI  NO*.  *  ,  v  .  *. 

,  .  ,****.  i<*it  v  •.  *  «« 


-  '.-V'  v- 
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EVALUATION  OF  TRAINING  EFFECTIVENESS  OF  THE  2-FH-2 
HELICOPTER  FLIGHT  TRAINER  RESEARCH  TOOL 

v  <- 

”  '  I.  BRIEF  OF  STUDY  f 

*  r; 

■  *4. 

I NTRODUCT I  ON  • 

This  is  the  report  or  an  evaluation  of  Device  2-FH-2,  Heucopter  Hovering 
Research  Tool.  Dcvice  2-FH-2  was  constructed  by  the  Bell  Aircraft  Corporation, 
SurFALO,  NEW  YORK  UNDER  CONTRACT  TO  THE  U.  S.  NAVAL  TRAINING  DEVICE  CENTER.  THE 
DeFlorez  Company  of  New  York  City,  New  York  was  a  sub-contractor  to  Bell  Aircraft 
Corporation  and  was  responsible  for  the  initial  design  of  the  complete  device. 

The  device  was  developed  as  an  engineering  prototype  to  determine  the  feasibility 

of  A  NCN-PROGRAMMED  VISUAL  DISPLAY  TOR  TRAINING  IN  HOVERING  AND  OTHER  MANEUVERS 
PERFORMED  NEAR  THE  GROUND.  LATER,  ITS  CAPABILITIES  WERT  EXTENOED  TO  PERMIT  SIMU¬ 
LATION  OF  HIGH  ALTITUDE  MANEUVERS  WITHOUT  EXTENSIVE  MODIFICATION  OF  THE  FLIGHT 
COMPUTER  SYSTEM.  THE  DEVICE  USES  A  POINT-LIGHT-SOURCE  TO  PROJECT  IMAGES  FROM  A 
TRANSPARENCY  PLATE  CONTA.NING  OBJECTS  AND  SCENERY  TO  A  WIOE  ANGLE  SCREEN 

surrolnoing  the  cockpit.  Th'-  2-FH-2  is  designco  to  simulate  approximate  flight 

CHARACTERISTICS  OF  THE  HTL-4.  TWO  INTERCHANGEABLE  TOaNSPARENCY  PLATc’s  CAN  BE 

usco.  The  "low-altitude  plate"  provides  visual  cxtha-cockpi t  display  tor  a 
flyspace  of  570  by  570  tee '  in  length  and  w<otm  and  55  feet  in  altitude.  The 
"high-altitude  plate"  permits  maneuvers  in  a  simulated  area  v.400  feet  by  2400 
teet  u i th  an  altitude  or  500  feet. 

In  AN  INITIAL  APPRAISAL  CONDUCTED  BY  PSYCHOLOGICAL  RESEARCH  ASSOCIATES 
(PRA)  (10),  INSTRUCTORS  or  HELICOPTER  TRAINING  UNIT  ONE  (HTI'-I)  TLEW  THE  OEVICE 
AND  VC4C.  INTERVIEWED.  RESPONSES  AND  EXAMINATION  OF  THE  A-STAGE  TRAINING  SYLLABUS 

r  * 

INDICATED  THAT  THE  LOW-ALTITOJE  PLATE  THEN  INSTALLEO  WOULD  PERMIT  PRACTICE  IN'. 

about  malt  the  A-Stage  maneuvers.  Lacks  or  fidelity  were  noted  but  none  appeareo 
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SUFFICIENTLY  SERIOUS  TO  INDICATE  THAT  THE  DEVICE  WOULD  HAVE  NO  TRAIN 
All.  INSTRUCTORS  RECOMMENOED  further  INVESTIGATION  OF  the  OPERATIONAL 
OF -THE  DEVICE.  This  IS  A  REPORT  OF  THE  METHODS  USED  AND  THE  RESULTS 

k 

I N “THE  RECOMMENDED  INVESTIGATION. 

METHOD 

The  EVALUATION  WAS  CONDUCTED  BY  THE  STEPS  SUMMARIZED  BELOW  AND  DESCRIBED 
IN  DETAIL  IN  THE  APPROPRIATE  SECTIONS  OF  THE  REPORT  AS  INDICATEOJ 

STEP  I.  Collection  and  Integration  of  Content 

Operational  handbooks;,  texts  on  helicopters  and 

RESEARCH  REPORTS  WERE  REVIEWED}  HTU-I  INSTRUCTORS  AND 
STUDENTS  WERE  INTERVIEWED  TO  IDENTIFY  ANO  INTEGRATE 
THE  CRITICAL  COMPONENTS  OF  HELICOPTER  FLIGHT.  (SEE 

Section  II  and  Appendices  At  B  and  C.) 

STEP  2.  Development  of  a  Training  Syllabus 

A  SYLLABUS  TO  TRAIN  STUDENTS  IN  THE  2-FH-2  WAS 
OEVELOPCD,  PRETESTED  AND  PREPAREO  FOR  USE  IN  STEP  4. 

(See  Scction  III*  The  Syllabus  is  Appendix  D.) 

STEP  3.  Development  of  a  Flight  Criterion 

An  In-Flight  Criterion  consisting  of  a  rating  form 
DESCRIPTIVE  OF  FIVE  CRITICAL  HELICOPTER  MANEUVERS  WAS 
developed,  PRETESTCD  ano  prcpared  for  use  IN  Stcp  4. 

;  (See  Section  IV.  The  Flight  Check  is  appended  as  ) 

b  ,  £ 

r  .  i 

Appendix  E.) 

_  *  \ 


I  NO  VALUE. 

CAPABILITIES 

^  * 

OBTri  NED 
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STEP  4.  Administration  or  Training  Syllabus  and  Flight  Criterion 


tuts  The  Training  Syllabus  was  administered  to  eighteen 

***  *w 

0  ”  HTU-t  STUOENTS  PRIOR  TO  SQUAORON  FLIGHT  TRAINING*  EIGHTEEN  “ 

*  C5 

*  COMPARABLE  CONTROL  STUDENTS  RECEIVED  NO  TRAINING  IN  THE  *.•' 

OEVICE.  ExPER I  MENTALS  AND  CONTROLS  WERE  TESTED  ON  THE  FLIGHT 

Criterion  after  Five  hours  of  HTU-I  training.  (See  Section  V.) 

.0 

STEP  5.  Analysis  of  Data 

Criterion  Scores  of  experimental  and  control  stuoents 
•  ANO  their  graoes  of  the  two  groups  during  early  squadron 

training  perioos  were  compared.  (See  Section  V.) 

STEP  6.  Report  of  Results 

Nlgative  results  in  Step  5  led  to  examination  of  mot'qn 
sickness  and  lacks  of  fidelity  in"  the  OEVICE  as  possible 
causative  factors.  Motion  sickness  is  oiscusseo  in  Section 
VI,  the  Questionnaire  on  Motion  Sickness  is  Appendix  F. 

Lacks  of  fidelity  as  described  by  instructors  and  thcir  impli¬ 
cations  for  lcarning  arc  oiscusseo  in  Section  VM . 

RESULTS 

1.  Training  in  the  2-FH-2  led  to  no  apparcnt  improvement  in  flight 

PERFORMANCE  IN  TMC  AIRCRAFT. 

2.  Training  in  the  2-FH-2  prooucco  sickness  somewhat  similar  to  motio 

SICKNESS  AMONG  MOST  PARTICIPATING  INSTRUCTORS  AND  STUOENTS. 

L 

3..  Flight  characteristics  or  the  device  that  specify  display-control 

RELATIONSHIPS  lack  riOCLITY  IN  A  NUMBER  OF  IMPORTANT  RESPECTS  '.T 
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IS  PROBABLE  THAT  THESE  FAULTS  CONTRIBUTE  TO  SICKNESS.  THERE  IS  SOME 
EVIDENCE  OF  NEGATIVE  TRANSFER  BECAUSE  OF  THEM. 

For  these  reasons  the  2-FH-2  as  presently  constituted,  13  not 
«* 

RECOMMENDED  FOR  OPERATIONAL  TRAINING.  HOWEVER,  BECAUSE  OF  THE  VERY 
CONSIDERABLE  POSSIBILITIES  OF  A  WORKABLE  DEVICE  OF  THIS  SORT,  THE 
CONCEPT  OF  PRESENTING  EXTRA-COCKPIT  VISUAL  DISPLAYS  AND  ITS  IMPLEMEN¬ 
TATION  SHOULD  NOT  BE  DISCARDED.  (SEE  SECTION  VIII.) 


II.  COLLECTION  AND  INTEGRATION  OF  CONTENT 


RLRJ  OJ  I  S  I  TE  TC  THL  DE Vt lOPMLNT  Of  THE  TRAINING  SYLLABUS  AND  Th£  Fl  I  GH^ 

'f 

CfilT&R'ON  THt  roi  LOWING  C3JLCTIVES  HAD  TO  BE  ACCOMPLISHED:  f 

fc  1-1 

-  A.  IDLNT  i  F  ICAT  I  ON  OF  CONTENT  (MANEUVERS  AND  TASK  COMP-  £•' 

CNENT5*  TO  Of.  TAUGHT  aNO  EVALUATED). 

5.  Determination  oi  the  importance  ano  difficulty  of 
task  components* 

C.  Analysis  of  the  relationships  among  maneuvers,  task 

COMPONENTS  AND  SKILL  REQUIREMENTS**. 

The  above  three  objectives  were  accomplished  concurrently.  Background 
.nformation  was  collected  AS  DCSCRIBCD  BELOW. 

The  Standardization  Manual  (12),  ocvelopeo  by  HTU-l  provioeo  a  convenient 
starting  point  for  accomplishment  of  this  phase.  Well  written  ano  oetaileo,  it 
describes  all  maneuvers  taught  in  A  ano  B  Stages  of  HTU-l  ano  lists  the  more 

common  CRRORS  ASSOCIATED  WITH  EACH. 

Using  this  manual,  a  four  part  questionnaire  was  developco  to  obtain  infor 
nation  bearing  on  the  objectives  mentioneo  above.  This  questionnaire  was 

SUBMITTED  to  23  INSTRUCTORS,  AND  WITH  MINOR  MODIFICATIONS,  TO  15  STUDENTS  IN 

training  in  HTU-l.  Questions  and  responses  are  discussed  briefly  below  ano 
presented  in  Appendices  A  and  B. 


•  The  woro  mancuver  is  usco  here  as  it  is  in  HTU-l.  It  specifies  a  desired 
aircraft  path  that  has  operational  significance  generally  with  respect  to 

T.MC  GROUND,  TOR  A  GIVEN  TIME  PERIOD.  ThC  TERM  TASK  COMPONENT  13  USED  HERE 
to  DENOTE  PARTICULAR  PHASES  OR  ASPECTS  OF  A  MANEUVER.  ; 

••  jniLL  RCQUIREMCNTS  ARE  the  SKILLS  NECOEO  TO  EXECUTE  SPECIFIED  TASKS  AND 
MANEUVERS  PROPCRLY.  ? 
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Question  I  required  the  respondents  to  rank  19  of  the  30  maneuvers  usteo 
in  the  Standardization  Manual  in  terms  of  the  difficulty  stuoents  encounter  in 

learning  them*.  The  ten  maneuvers  ranked  as  most  difficult  arc  listed  below 

* 

IN  OROER.  - 


10  Most  0 i ff i cult 

Maneuvers 

Instructor  Ranking 

Student  Ranking 

1. 

Hovering 

(. 

Hovering 

2. 

Vertical  Landing 

2. 

Vertical  Landing 

3. 

Normal  Approach  to  a 

3. 

Normal  Approach  to  a 

Definite  Spot 

Definite  Spot 

4. 

Autorotations 

4. 

Turns  on  a  Spot 

b. 

Normal  Approach 

5. 

Autorotations 

6. 

F t cure  Eights 

6. 

Figure  Fights 

7. 

Turns  on  a  Spot 

7. 

Vertical  Take-off 

8. 

Squares 

8. 

Normal  Approach 

9. 

Siof.waro  &.  Rearwaro 

9. 

Sideward  &.  Rearward 

Flight 

Flight 

10. 

Vcrtical  Takc-off 

10. 

Climbing  Turns 

Tmc  HIGH  AGREEMENT  BETWEEN  INSTRUCTORS  AND  STUOENTS  IS,  OF  COURSE,  NOT  2- 

surprising.  Maneuver  ranks  provided  a  guide  for  the  development  of  the  Training  0 

Syllabus  and  the  Flight  Criterion,  I- 

QuCSTION  2  WAS  DIVIDED  INTO  THREE  PARTS.  ThE  FIRST  TWO  PARTS  SOUGHT  TO  f 

_ l _  ■ _  _  t  •’ 

*  / 

•  ElCVCN  or  THE  30  MANEUVERS  LISTED  IN  THE  MANUAL  WERE  EXTRACTED  BY  ElIMIN-  ;  M( 

ATING  NON-FLIGHT  PROCEDURES  (COCKPIT  PROCEDURES,  GROUND  TAXIING,  ETC,)  ANO; 


maneuvers  not  taught  prior  to  solo  (Running  Landing,  Backvaro  Take-off,  ETt.). 
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A^CCRTAIN  WHICH  CONTROL  MANIPULATIONS  AND  COORDINATIONS  ARE  MOST  D I  FT  I  CULT  TO 


ING 


NO 

|ET C  «  ) 


u;rn;  THC  THIRD  ATTEMPTED  TO  IDENTITY  the  more  critical  cues  required  to 

r"* 

EXECUTE  ^MANEUVERS  PROPERLY..  RESPONSES  INDICATED  THAT  THE  CYCLIC  CONTROL  IS  TWl 
MOST  DIFFICULT  TO  LCARn;  ALSO  THAT  THE  REQUIREMENTS  OF  MANEUVERS  DETERMINE  TO S 
CERTAIN  EXTENT  The  DEGREE  OF  DIFFICULTY'  ENCOUNTERED  IN  LEARNING  TO  USE  AND 
COOROINATC  THE  CONTROLS  PROPERLY. 

Question  3  was  a  check  on  error  coverage  in  the  Standardization  Manual  which 
lists  errors  common  to  each  maneuver.  First,  instructors  were  askeo  to  list 

ERRORS  NOT  INCLUDED  IN  THE  MANUAL  J  STUDENTS  WERE  ASKED  TO  LIST  THEIR  OWN  ERRORS. 

NEXT,  ERRORS  listed  by  INSTRUCTORS  and  students  were  combined  with  those  described 
in  the  manual.  Finally,  the  combined  list  was  resubmitted  to  instructors  who 

WERE  ASKED  TO  RATE  ERRORS  IN  TERMS  OF  THEIR  FREQUENCY,  THE  DIFFICULTY  IN  CORREC¬ 
TING  them,  AND  their  CRI TICALI TY.  TO  THE  SAFE  FLIGHT  OF  THE  AIRCRAFT.  The  RCSULTS 
or  THESE  ERROR  RATINGS  are  presented  in  appendix  C. 

A  SUMMARY  OF  RESPONSES  INDICATED  THAT  THE  COVERAGE  OF  ERRORS  PROVIOEO  BY 

the  Standardization  Manual  is  relatively  complete.  In  general,  errors  aooco  by 

INSTRUCTORS  WERE  NOT  RATED  AS  CRITICAL  AS  THOSE  DESCRIBED  IN  THC  MANUAL  WITH 
DISPCCT  TO  THE  ABOVE  THREE  CRITERIA. 

Question  4  was  concerned  with  the  several  cxtrinsic  conditions  that  the 
2-th-2  can  simulate.  These  include  wino  direction,  velocity,  ano  gusts,  center 

or  GRAVITY  CHANGE,  CHANGES  IN  TEMPERATURE  (OENS I TY-AL T I TUOE ) ,  ANO  WEIGHT  CHANGES. 

Instructors  specified  whether  or  not  each  of  thcsc  conditions  should  be  included 
in  the  2-FH-2  Training  Syllabus,  and  ranked  conditions  rccommenocd  for  inclusion 
in  oroer  or  importance.  Responses  indicated  that  wind  velocity  and  gusts  are  - 

4  * 

most  important  and  that  thcy  should  be  incluoco  in  a  Training  Syllabus. 

Background  materials  permitted  identification  or  thc  morc  important 
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mp'-LUVCRS  AND  THE  MORC  CRITICAL  TASK  COMPONENTS  TO  BE  INCLUOED  IN  THE  TRAINING 

•'iLLASjs  ano  the  Flight  Check  and  gave  insights  as  to  the  skills  required  to 
t  *  E  C  U  TE  MANEUVERS  PROPERLY.  BaCKGROUN  )  MATERIAL  is  integrated  below  into  anV 
ANALYSES  of  helicopter  flight  PARAMETERS. 

- 

-  r.  ■.  C  C  -  *  ..  '  ~i.  I  G*  T  Rcou!  PCMENTS  ANO  Ski.ls 

J.'7  ;:<L  ATTEMPTING  70  DEVELOP  TRAINING  AND  TESTING  INSTRUMENTS,  IT  WAS 
•iFCtiSiR-  TO  RECOGNIZE  CERTAIN  LIMITATIONS  TO  USING  THE  BACKGROUND  MATERIAL 
E  aCTl't  PL  COLLECTED.  FlI'ST,  A  NUMBER  OF  MANEUVERS  ANO  THE  TASKS  THEY  REQUIRE 
O'.  ERL  -ITh  ONE  ANOTHER.  FOR  EXAMPLE,  THE  NORMAL  APPROACH  INCLUDES  THREE  OTHER 

MANEUVERS  l-'AT  SUBJECTS  WERE  INSTRUCTED  TO  RANK  AGAINST  IT:  GLIDING  TURNS, 

Hovering,  and  Vertical  Landing*  Further,  it  was  difficult  to  predict  from  the 

INFORMATION  COLLECTEC  7-C  EXTENT  TO  WHICH  THE  LEARNING  OF  ONE  MANEUVER  OR  TASK 
WOULD  FACILITATE  THE  LEARNING  OF  OTHERS.  SUCH  KNOWLEDGE  HAS  OBVIOUS  IMPLICATIONS 
FOR  THE  SELECTION  OF  TASKS  FOR  BOTH  TRAINING  ANO  TESTING,  THESE  LIMITATIONS 
MAOE  IT  DESIRABLE  TO  IDENTIFY  THE  BASIC  PARAMETERS  OF  HELICOPTER  FLIGHT  ANO  THE 
TASKS  THE  PILOT  MUST  PERFORM  TO  CONTROL  THE  AIRCRAFT  EFFECTIVELY  WITHIN  THEM. 

This  donc,  it  becomes  possible  to  establish  working  hypotheses  as  to  the  type 

ANO  OCGRCE  OF  SKILLS  REQUIRED  TO  CONTROL  THE  AIRCRAFT  IN  THC  VARIOUS  MANEUVERS. 

The  Training  Syllabus  and  the  Flight  Criterion  woulo  then  be  predicated  on  these 

HYPOTHESES  AS  WELL  AS  UPON  MANEUVER  RANKS. 

Discussed  below  arc  the  flight  parameters,  their  melationsmip  to  the  flight 

CONTROLS  ANO  TO  THE  SKILLS  RCQUIRC0  TO  MANIPULATE  AND  COOROINATC  CONTROL. 

There  arc  six  basic  flight  dimensions  or  frceooml  of  flight.  Three  of  these 

t  .  I 

ARC  TRANSLATIONAL  or  oircctional,  namely  forc»aft ,  lateral  (to  each  side)  and 

F  * 

vertical.  In  addition,  there  arc  three  rotational  frceooms  -  pitch,  roll,  ano 


? 


YAW.  Vi TH ;  N  EACH  OF  THESE  BASIC  PARAMETERS  THE  AIRCRAFT  HAS  THE  CAPABILITY  OF 

S°ECD  AND  ACCELERATION.  THESE  SIX  FREEDOMS  CONSIDERED  TOGETHER  CAN  ACCOUNT  FOR 

■*«  <*'» 
MOVEMENT  crt  THE  AIRCRAFT  in  all  DIRECTIONS  and  at  ALL  SPEEDS,  HENCE,  THCY  ARE  L 

<  irr  IC  l  ENT* TO  DE  SCR  I  BE  ALL  POSSIBLE  HELICOPTER  MANEUVERS.  The  PILOT  MANEUVERS 

tme  aircraft  wthin  these  parameters  by  means  of  four  controls  -  the  Throttle, 

the  Collective  Pitch,  the  Directional  Control  Pedals,  ano  the  Cyclic  Control. 

The  coordinated  operation  of  these  controls,  plus  thc  thrust  of  the  power  plant, 

the  lIPT  of  the  airfoil,  the  weight,  drag  and  inertia  of  the  AIRCRAFT,  and 

external  CONDITIONS  SUCH  as  wind  ano  pressure  altitude,  DETERMINE  thc  FLIGHT 

rath  OF  THE  AIRCRAFT  WITHIN  THC  FREEDOMS.  CONTROLS  ARE  OISCUSSCD  BRIEFLY  BElOW. 

Tor  ruRTHCR  information,  see  Helicopter  Training  Manual  ( 1 1 ),  and  Flight 
Hanobook  Navy  Model  HTL-5  Helicopter  (7). 

A.  Throttle  and  Collective  Pitch 

Consider  the  aircraft  in  the  horizontal  plane,  the 
Throttle  controls  the  RPMj  the  Collective  Pitch 
controls  thc  power  (Collective-Throttle  cam  linkage) 
of  the  engine,  ano  also  the  mechanical  pitch  of  the 
main  rotor.  Between  the  two  they  oetcrmine  the  thrust 
or  the  aircraft,  and  in  conjunction  with  the  weight 

ANO  INERTIA  OF  THE  AIRCRAFT  ITS  VERTICAL  SPCCO  ANO 

ACCELERATION.  AS  THE  AXIS  OF  ROTATION  IS  TILTED  FROM 

THE  VCRTICAL  THC  POWER  HCLPS  DETERMINE  THE  SPEED  ANO 

ACCELERATION  OF  THE  AIRCRAFT  IN  FORE-AFT  AND  LATERAL 

..  DIRECTIONS,  HENCE,  THROTTLE  ANO  MAIN  ROTOR  PITCH  PRO*» 

;  VIDE  THE  POWCR  TOR  THE  FLIGHT  OF  THE  AIRCRAFT  IN  THE 
* 

*.  THREE  TRANSLATIONAL  FREEDOMS. 
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B.  Directional  Control  Pcdals 

^Directional  Control  of  the  aircraft  is  accomplished 

•~BY  DIRECTIONAL  CONTROL  PEDALS  (SIMILAR  TO  RuOOERsl 
*  ' 

WHICH  GOVERN  the  PITCH  of  the  TAIL  ROTOR*  CONTROL 
IS  COMPLICATED  BY  TORQUE  WHICH  VARIES  WITH  THE  SPEED 
OF  THE  MAIN  ROTOR.  The  DIRECTIONAL  CONTROL  PEDALS 
CONTROL  THE  HTl  IN  THE  ROTATIONAL  OR  YAW  FREEDOM. 

C.  Cyclic  Pitch 

The  Cyclic  Pitch  Control  predominantly  controls  the 

MOVEMENT  OF  THE  AIRCRAFT  WITHIN  THE  PITCH  ANO  ROLL 
AND  FORWARD-REARWARD  AND  LATERAL  MOVEMENT  FREEDOMS. 

Movemcnt  of  the  Cyclic  in  the  pitch  and  roll  dimen¬ 
sions  tilts  the  T I P-PATH-PLANC  of  the  main  rotor 
from  the  vertical.  This  movcmcnt  of  the  cyclic  control 
Gives  DIRECTIONAL  THRUST  WMICH  produces  TRANSLATIONAL 
MOVEMENT  IN  THE  DIRECTION  IN  WHICH  THE  CYCLIC  IS 

moved.  Fundamentally  the  aircraft  follows  the  tilt 

OF  THE  ROTOR. 

As  STATEO  CARL  ICR,  THE  POWER  ANO  BLADE  PITCH  DETERMINE  THE  VERTICAL  THRUST 
AND  HENCE,  TMC  LIFT  Or  THE  AIRCRAFT.  HOWEVER,  AS  TRANSLATIONAL  MOVEMENT 
BECOMES  FASTER,  the  SPlED  or  TMC  AIRCRAFT  GIVES  ADDED  lift  TO  tH£  ROTOR  blaocs; 


This  IS  CALLED  TRANSLATIONAL  LIFT.  A  USEFUL  DISTINCTION  CAN  7hCN  BE  MAOC 
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e-TWCEN  LOw  SPEED  OK  HOVERING  MANEUVERS  in  WHICH  lift  is  provided  primarily  by 
the  ROTATION  of  The  MAIN  ROTORS  ANO  MANEUVERS  IN  WHICH  EFFECTIVE  TRANSLATIONAL 
lift  cdmcs  into  plat,  as  DISCUSSED  LATER.  £- 

SUMMARY,  THE  MOVEMENT  OF  THE  AIRCRAFT  WITHIN  THE  SIX  PARAMETERS  IS 

0» 

DETERMINED  by  the  MOVEMENT  AND  COORDINATION  OF  THE  FOUR  CONTROLS.  BECAUSE  OF 
ThE  TORQUE  OF  THE  ROTOR,  THE  CONF I GURA T I  ON  OF  THE  AIRFOIL,  A NO  EXTERNAL  AND 
OTHER  CONDITIONS,  THE  RELATIONSHIP  BETWEEN  CONTROL  MOVEMENTS  ANO  MOVEMENT  OF  THE 
AIRCRAFT  IS  BY  NO  MEANS  CONSTANT  OR  RECTILINEAR.  THE  TRAINEE  THEREFORE  MUST 
tCARN  FOR  EACH  CONTROL  ITS  LAG  ANO  1 HE  AMOUNT  OF  MOVEMENT  REQUIRED  TO  EXECUTE 
9ROPERLY  TASKS  A  GIVEN  MANEUVER  REQUIRES. 


Integration  of  Visual  Information  with  Motor  Responses 

This  DISCUSSION  OF  FREEDOMS  ANO  CONTROLS  NECESSARILY  PUTS  EMPHASIS  ON  THE 
MOTOR  COMPONENTS  OF  THE  FLIGHT  TASK;  OF  EQUAL  OR  GREATER  CONCERN  FOR  THIS  STUDY 
IS  ThE  QUALITY  OF  INFORMATION  AVAILABLE  TO  THE  SENSORY  RECEPTORS.  THIS  CONT  NUOUS 

flow  or  informat ion-fceoback  allows  the  pilot  to  close  the  loop,  i.c.,  to  note 

MOW  THINGS  ARE  GOING  ANO  TO  ADJUST  THE  FLIGHT  PATH  OF  THE  AIRCRAFT.  Tm£  PILOT 
ACQUIRES  THIS  INFORMATION  BY  ATTENDING  TO  ANO  INTERPRETING  VISUAL,  AURAL,  AND 
pfrOPRI OCCPTI  VC  STIMULI.  SINCE  THE  2-FH-2  PRIMARILY  PROVlOES  A  VISUAL  DISPLAY, 

Only  VISUAL  STIMULI  ARE  CONSIDERED  MERC. 

The  MOTOR  RESPONSES  OF  THE  PILOT  MAY  BE  VIEWEO  AS  THE  RESULT  OF  DEC  1 31 ONS 
mm  I CH  The  PILOT  makes  (however  rapidly)  ON  THE  BASIS  OF  SENSORY  INFORMATION  ME 
RECEIVES.  With  RESPECT  TO  i'«SUAL  INFORMATION,  THE  DECISIONS  CAN  6C  CONVENIENTLY 
CLASSIFIED  ACCORDING  TO: 

* 

*  i.  Changes  in  the  position  or  the  aircraft  in  thrcc- 


DIMENSIONAL  SPACE,  WITH  PARTICULAR  REFERENCE  TO  AN 
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APPARENT  PLANE  (SURFACE  Or  EARTH  )  1 N  ONE  0 1  HENS  I  ON* 

(Degrees  or  flight  freedom  involved:  translational 

s  FORE-AFT,  LATERAL  ANO  VERTICAL.)  ?. 

Changes  in  the  axial  orientation  of  the  aircraft 

t  "  ‘  ,ir*  . .  "  "  m 

I N  THREE— 0 J MENS  t  ONAL  SPACE,  AGAIN  WITH  PARTICULAR 
REFERENCE  TO  THE  SURFACE  OF  THE  EARTH.  (DEGREES 
OF  FLIGHT  fRETDOM  INVOLVED:  ROTATIONAL  PITCH,  YAW. 

ANO  :iOLL.) 

3.  Ra'.ES  OF  CHANGES  IN  I  AND  2  ABOVE.  (SPEED  ANO 
ACCELERATION  PARAMETERS.) 

THE  FUNDAMENTAL  PROBLEM  IS  TO  ACCOUNT  FOR  THE  WAY  IN  WHICH  DECISIONS  OF  THE 
THREE  YPES  AJOVC  ARE  MADE  ON  THE  BASIS  OF  VISUALLY  MEDIATED  INFORMATION.  PRIOR 
RESEARCH  AND  OPERATIONAL  EXPERIENCE  MAKE  IT  APPARENT  THAT  THERE  IS  NO  SINGLE 
SET  OF  NECESSARY  AND  SUFFICIENT  VISUAL  CUES.  INFORMATION  CAN  BE  ACQUIRED  FROM 
CUES  : 

a.  Originating  in  instruments  within  the  cockpit., 

E.Go ,  TACU,  AIRSP'.rO,  ALTITUDE. 

a.  Originating  in  the  "world"  external  to  the  cockpit, 

E.G. ,  SURFACE  ANO  OBJECT  CUES. 

C.  ORGINATING  IN  VISUAL  FIELD  RELATIONSHIPS  BETWEEN 

THE  A I  RCF  •• r  T  STRUCTURES  (e.G»,  COCKPIT  FRAME,  BUBBLE, 

ANTENNA,  t V • )  ANO  OBJECTS  IN  THE  EXTERNAL  ENVIRONMENT. 

Thus  a  "cue"  may  be  defined  as  a  critical  response-  inducing  stimulus, 

WHICH  STIMULUS  MAY  BE  ONE  OF  SEVERAL  TYPES: 

(j)  Fundamental  or  basic  properties  or  the  visual  field, 

:■  C.G.,  PERCE  I  vco  texture  or  SURFACES,  contours  of 
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OBJECTS  ,  MOTION  PERSPECTIVE  OF  VISUAL  FIELD  ITSELF, 

AND  OF  THE  human  ORGANISM,  E.G.,  RETINAL  DISPARITY, 

*:  (3)  pERCEl  VEP  -VALUC  OF  EXTRA-CLASS  CHARACTERISTICS  OF  i- 

*  OBJECTS  AND  RELATIONSHIPS  OF  OBJECTS  IN  VISUAL  FIELD, 

—  »  .... 

t. changes  in  size'ano  shape  of  objects,  inter¬ 
position,  ETC.,  WHICH  CHANGES  ARE  CORRELATED  WITH 
CHANGES  IN  POSITION,  AXIAL  ORIENTATION,  AND  RATES 

c-  changes  on  the  basis  of  past  experience. 

>3;  Analogue  objects  (e.g.,  air  speed),  which  give 

1 ,4?  OhMAT  I  ON  IN  DIRECT  FASHION. 

TmL  ABOVE  PRIMARY  INFORMATIONAL  CONTENT  OF  THE  VISUAL  FIELD  MAY  NOT  A. WAYS 
fcL  UTILIZED  IN  THE  WAYS  SUCGESTEO  ABOVE,  PUT  RATHER  ACCORDING  TO  "EXPECTANCIES" 
AS  DISCUSSED  BELOW. 

The  COMPLETELY  proficent  pilot  knows,  for  any  maneuver,  MOW  THE  PLANE  WILL 
RESPOND  TO  THE  MOVEMENT  OF  TME  CONTROLS.  HE  KNOWS  WHAT  CUES  TO  ATTEND  TO  IN 
OPOER  TO  OBTAIN  ACCURATE  INFORMATION  AS  TO  MIS  POSITION,  SPEED  AND  RATE  OF 
MOVCMENT  SO  AS  TO  DIRECT  HIS  AIRCRAFT  PROPERLY.  HE  HAS  LEARNED  -  ONE  MIGHT  SAY 
HC  IAS  IN  HIS  HCAD  -  AN  APPROPRIATE  SET  OF  EXPECTATIONS.  HE  KNOWS  WHAT  MIS 
ENVIRONMENT  OUGHT  TO  LOOK  LIKE.  HE  FLIES  TME  AIRCRAFT  SO  THAT  AT  ANY  TIME  IN 
FLIGHT,  HC  MAKES  HIS  PERCEIVED  ENVIRONMENT  CONFORM  TO  THE  LEARNED,  EXPECTED 
ENVIRONMENT  BY  MAKING  CONTROL  CHANGES  TO  MOVE  THE  AIRCRAFT  FROM  ONE  DESIRED  SET 
OF  CUC  CONDITIONS  TO  THE  NEXT,  MEANWHILE  CORRECTING  ANY  0 I SCRCPANC I CS  BETWEEN 
HIS  ACTUAL  VISUAL  PICTURC  AND  HIS  EXPLCTAT I  ON  SET  BEFORC  SUCH  DISCREPANCIES 
BECOME  LARGE.  1 

r  .  »  » 

^  r 

d  T  SHOULD  BE  RECOGNIZED  THAT  THE  OBJECTS  IN  THC  VISUAL  FULO  ARC  HIGHLY 

c 

RCDUn’oanT,  THAT  IN  MOST  INSTANCES  THC  PILOT  HAS  MANY  MORE  CUCS  THAN  HE  NCEOS. 
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The  completely  proficient  PILOT  WILL  KNOW  HOW  to  SORT  CUES  30  as  to  select  those 
THAT  WILL  EFFICIENTLY  GIVE  him  THE  REQUIRED  INFORMATION  WITH  RESPECT  TO  HIS 
POSITION,  *XIAL  ORIENTATION,  ANO  MOVEMENT  WITHIN  THE  FREEDOMS.  HE  HAS  ACQUIRED 
THE  PROPER  SCANNING  HABITS. 

It  follows  that  the  objectives  of  training  -  making  an  inexperienced  pilot 

INTO  AN  EXPERIENCED  ONE  -  ARE  TO  I 

(a)  Teach  CORRESPONDENCE  BETWEEN  CONTROL  MOVEMENTS  AND 
MOVEMENT  OF  AIRCRAFT. 

(b)  Build  appropriate  expectations. 

(c)  Teach  selection  of  appropriate  cues  for  evaluating 

0 1 SCREPENC I ES  BETWEEN  THE  ACTUAL  AND  EXPECTED  VISUAL 
INFORMATION. 

(d)  Teach  motor  skills  or  habits  so  that  the  pilot  can 

MANEUVER  THE  AIRCRAFT  SO  THAT  HIS  ACTUAL  PERCEPTIONS 
CONFORM  TO  HIS  EXPECTATIONS. 

The  objective  of  present  proficiency  testing  was  to  determine  what  ocgree 
OF  proficiency  had  been  reached  in  these  skills. 

Working  Hypotheses 

i 

Prom  the  preceding  discussion  or  the  task  of  the  helicopter  pilot,  and 
instructors'  and  students'  rankings  of  maneuvers,  controls,  control  coordinations 

ANO  ERRORS,  ONE  CAN  ESTABLISH  CERTAIN  WORKING  HYPOTHESES  THAT  SERVE  TWO  PURPOSES. 

First,  they  help  explain  the  rankings  within  a  minimal  sct  or  concepts.  Secono, 

,'KLY  GUIDE*  THE  SELECTION  OF  TASKS  ANO  DISTRIBUTION  OF  T I MC  IN  THE  TRAINING 

Syllabus  <no  the  Flight  Check. 

While  the  treatment  is,  or  course,  not  exhaustive,  a  statement  or  working 
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HYPOTHESES  ON  WHICH  THE  TRAINING  AND  TCSTING  WAS  PREDICATED  FOLLC 

A.  The  pilot  should  be  trainco  and  tested  on  the 

CONTROL  or  THE  HELICOPTER  IN  ALL  FLIGHT  FREEDOMS. 

B.  Maneuvers  may  be  oivided  into  two  kinos;  thos£that 

INVOLVE  EFFECTIVE  TRANSLATIONAL  LIFT  (TRANSITION  TO 
FORWARD  FLIGHT,  NORMAL  APPROACH,  GLIDES,  TURNS,  ETC.) 
ANO  THOSE  THAT  DO  NOT  (HOVERING,  VERTICAL  LANDINGS, 
TURNS  ON  A  SPOT,  SQUARES,  ETC.)*  THE  FIRST  TYPE  OF 
MANEUVER  IS  REASONABLY  FAMILIAR  TO  STUDENTS  OF  HTU-I 
ALL  OF  WHOM  ARE  FIXED  WING  PILOTS.  AS  INOICATEO  IN 
THE  BACKGROUND  INFORMATION,  THE  HTU-I  STUDENT  HAS 
LITTLE  DIFFICULTY  WITH  MOST  OF  THESE  MANEUVERS.  HlS 
LEARNED  FIXED  WING  EXPECTATIONS  ARC  EASILY  MOOIFIEO 
TO  ENABLE  HIM  TO  PERFORM  THESE  MANEUVERS.  CONSE-  > 
OUENTLY,  GREATEST  EMPHASIS  WAS  PLACED  ON  MANEUVERS 
OF  THE  SECOND  TYPE.  THESE  ARE  EXECUTED  NEAR  THE 
orouno.  The  fixed  wing  pilot  needs  to  be  taught  the 

PERCEPTUAL  EXPECTATIONS  ANO  THE  MOTOR  HABITS  THAT 
WILL  ENABLE  HIM  TO  PERFORM  THEM  PROPERLY. 

C.  A  TIME  DELAY  BETWEEN  THE  MOVEMENT  OF  A  CONTROL  ANO 
THE  RESPONSE  OF  THE  AIRCRAFT  INCREASES  THE  DIFFICULTY 
OF  THE  TASK  VI TH  WHICH  THIS  DELAY  IS  ASSOCIATED.  IN 
THE  HTL  THERE  IS  A  MARKED  LAG  IN  THE  RCSPONSC  TO  BOTH 

the  Cyclic  control,  which  is  instrumental  in  governing 

’  f* 

THE  MOVEMENT  OF  THE  AIRCRAFT  IN  FOUR  OF  THE  SIX  MOVC- 

•f 

MCNT  FREEDOMS,  AND  THE  THROTTLE.  SPECIAL  EMPHASIS  WAS 
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placed  on  Cyclic  lag  in  training.  Certain  lacks  of 

FIOELITY  IN  THE  CORRELATION  SCTWCET1  MOVEMENT  OF  THE 
Thcottle;  and  COMPENSATORY  ENVIRONMENTAL  CHANGES  IN 
THE  2-["H-2  MADE  IT  SEEM  DESIRABLE  NOT  TO  PLACE  TOO 
ML'CH  EMPHASIS  ON  THROTTLE  CONTROL  IN  THE  2-FH-2. 

TmE  DIFFICULTY  IN  LEARNING  A  MANEUVER  IS  CLOSELY 
ASSOCIATED  WITH  THE  PRECISION  WITH  WHICH  IT  MUST  BE 
PERFORMED,  FOR  E >  AMPLE,  THE  VERTICAL  LANCING  WHICH 
REQUI RES  TOUCHDOWN  WITH  NO  SKIDOING  OR  FORE-AFT  MOVE¬ 
MENT  IS  MORE  DIFFICULT  TO  PERFORM  THAN  THE  VERTICAL 

take-off.  In  the  latter  maneuver,  the  weight  of  the 

AIRCRAFT  TENDS  TO  PREVENT  MOVEMENT  BEFORE  THE  CRAFT 
IS  AIRBORNE  AND  ONCE  AIRBORNE  TOLERANCES  ARE  NOT  SO 

stringent.  Precise  control  manipulations  and  maneu¬ 
vers  THAT  REQUIRE  TflEM  WERE  EMPHASIZED  IN  THE  TRAINING 

Syllabus  and  measured  in  the  Flight  Check. 

Hovering  is  the  most  difficult  maneuver  for  the  new 
student.  This  is  likely  true  for  four  reasons; 

1.  Since  it  is  a  near  ground  maneuver  it  must  be 

PERFORMED  PRECISELY. 

2.  The  pilot  must  counter  the  inherent  instability 
of  the  aircraft,  ACCCNTUATCD  in  this  CASE  BY 
continuous  variations  in  the  "blow  back"  from  THE 
GROUND  cushion. 

3.  Thc  hovcr  differs  from  all  fixed  wing  maneuvers 

IN  THAT  THC  SAME'  LOCUS  OF  THE  PLANE  IS  MAINTAINED. 


It  is  the  only  maneuver  which  requires  decisions, 

AND  THUS  CONTROL  MOVEMENTS  TO  MAINTAIN  A  ZERO 
RATE  OF  CHANCE  OF  CUES  IN  THE  PILOT'S  EXTRA-COCKpTt 
VISUAL  FIELD.  The  PILOT  CANNOT  00  THIS  BY  LOOK  I  NS 

7~Z 

• 

AT  ONLY  ONE  OBJECT  SINCE  BY  SO  DOING  HE  DOES  NOT 
RECEIVE  SUFFICIENT  INFORMATION  YO  SOLVE  THE  EQUATIONS 
NECESSARY  TO  MAINTAIN  YHE  POSITION  OF  THE  PLANE  WHCN 
IT  CAN  MOVE  SIMULTANEOUSLY  IN  ALL  FREEDOMS. 

4.  These  difficulties  combine  with  the  lag  in  the 
Cyclic  Control  to  encourage  over-controlling  in 

THE  HOVER. 

For  THE  ABOVE  REASONS  TRAINING  EMPHASIS  IS  GIVEN  TO 
HOVERING  ANO  NEAR-GROUND  MANEUVERS,  AND  TO  DEVELOPMENT 
OF  SCANNING  HABITS  THAT  WILL  PROPERLY  INTEGRATE  VISUAL 
CUES. 

F.  Among  the  more  difficult  maneuvers  or  task  elements  are 

THOSE  WHEREIN  THE  MANIPULATION  OF  ONE  CONTROL  PRODUCES 
A  COMPENSATORY  MOVEMENT  IN  A  PARAMETER  OTHER  TUAN  THAT 
GOVERNED  BY  THE  CONTROL.  CONSIDER,  FOR  EXAMPLE,  TURNS 

on  a  Spot.  Because  of  pitch  change  on  the  tail  rotor, 

TURNS  TO  TNE  RIGHT  TEND  TO  CAUSE  THE  RPM  TO  INCREASE, 
TURNS  TO  THE  LEFT  TEND  TO  CAUSE  THE  RPM  TO  DECREASE. 

THCSE  RPM  CHANGES,  IF  NOT  COMPENSATED,  INCREASC  OR  DE¬ 
CREASE  THE  LIFT  OF  THE  MAIN  ROTOR,  HENCE,  TNE  ALTITUOC^ 

Or  THE  AIRCRAFT.  THEREFORE,  COMPENSATORY  THROTTLE  AND". 
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Collective  control  adjustments  are  required.  Task 


ELEMENTS  WHEREIN  THE  PROPER  MANIPULATION  OF  ONE 

CONTROL  CALLS  FOR  A  COMPENSATORY  MOVEMENT  OF  OTHERS  ^ 

"  WERE  EMPHASIZED. 

m 

In  SUMMARY,  INFORMATION  provided  by  instructors  and  students  WAS  CONSIDERED 
IN  several  CONTEXTS  in  THE  DEVELOPMENT  OF  THE  TRAINING  SYLLABUS  AND  THE  FLIGHT 

Check.  Considerations  of  the  six  freedoms  provided  a  means  of  classifying 
maneuvers  and  assured  that  each  was  covered  in  the  training  and  testing.  By 

RELATING  FREEDOMS  TO  CONTROLS,  PROCEDURES  COULD  BE  SPECIFIED  AND  MANEUVER  TASKS 
LIKELY  TO  PROVE  MOST  DIFFICULT  COULD  BE  IDENTIFIED.  THESE  COULD  BE  STRESSED  IN 
TRAINING.  IN  ADDITION,  CONSIDERATION  OF  POSITION,  PATH  ANO  AXIAL  ORIENTATION  OF 
THE  AIRCRAFT  WITH  RESPECT  TO  THE  GROUND,  AND  THE  SMOOTHNESS  OF  CONTROL  MANIPULA¬ 
TION  PROVIDED  TWO  CONTEXTS  FOR  EVALUATION  IN  THE  FLIGHT  CHECK.  By  OIVIDING 
MANEUVERS  INTO  THOSE  ASSOCIATED  WITH  EFFECTIVE  TRANSLATIONAL  LIFT  ANO  THOSE  THAT 
ARE  NOT;  EMPHASIS  WAS  PLACED  ON  INSTRUCTION  IN  CONTROLS  ANO  CONTROL  RESPONSES 
UNFAMILIAR  TO  THE  FIXED  WING  PILOT.  INSTRUCTION  IN  SUCH  CONTROL  RESPONSES  WAS 
GIVEN  SPECIAL  TRAINING  EMPHASIS  AND  THE  MANNER  IN  WHICH  THESE  CONTROLS  WERE 
COORDINATED  WAS  MEASURED  IN  THE  FLIGHT  CHECK.  FINALLY,  EXAMINATION  OF  THE 
VARIOUS  TYPES  OF  CUES  HELPED  TO  DESCRIBE  THE  SCANNING  HABITS  WHICH  THE  TRAINING 

Syllabus  sought  to  develop.  The  above  considerations  provioeo  the  basis  for  the 
use  of  the  background  material  in  the  Training  Syllabus  and  the  Flight  Criterion. 
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III.  THE  TRA I N I NG  SYLLABUS 

Tmc  Training  Syllabus  was  intended  to  maximize  learning  or  the  more  ^sitical 

CON^NT  AS  REVEALED  BY  RELATED  MATERIALS  (5  &  6)  ANO  AS  DETERMINED  FROM  THE  8AC«- 
GROffNO  MATERIAL  ANO  FROM  ITS  ANALYSIS  PRESENTED  IN  SECTION  II.  THE  FOLLOWING 
Gu'0C5  WERE  USED! 

A.  Emphasis  was  Placed  on  the  maneuvers  which  instructors 
ANO  STUOENTS  judged  most  difficult  to  learn. 

B.  Essential  training  points  were  identified  from  I)  eval¬ 
uations  of  the  OirriCULTY  OF  using  CONTROLS  PROPERLY  ANO 
OF  EFFECTING  PROPER  COORDINATION  OF  CONTROLS,  ANO  2) 

ERROR  RANKINGS. 

C.  Visual  cues  ano  cue  conditions  (See  Appenoices  A  &.  B) 

THAT  PROVIDE  THE  MOST  EFFECTIVE  FEED-BACK  WERE  IDENTIFIED 
FOR  EACH  MANEUVER.  THIS  MATERIAL  WAS  USED  TO  TEACH 
SCANNING  HABITS  ANO  TO  TEACH  STUOENTS  TO  CORRELATE  CONTROL 
MOVEMENTS  ANO  CUES. 

ON  THE  BASIS  OF.  THE  ABOVE  INFORMATION  AND  THE  RATIONALE  DISCUSSED  IN 

Section  II,  the  Training  Syllabus  was.  outlined  and  discusseo  with  HTU-I  instruc¬ 
tors*  Their  suggestions  were  noted  after  which  the  program  was  delineated 
furthcr.  This  initial  program  was  limited  in  coverage  to  the  maneuvers  that 
could  be  taught  with  the  low  altitude  transparency  plate.  Upon  recommendation 

or  INSTRUCTORS  (SEE  APPENOIX  A),  WIND  VELOCITY  ANO  GUSTS  WERE  I NTROOUCEO  IN  THE 

later  periods.  These  could  be  ao justed  to  the  learning  rate,  since  the  addition 

or  ihND  SERVES  TO  MAKE  THE  MANEUVER  MORE  DIFFICULT.  DURING  INITIAL  PRETESTS  OF 

'•  i 

the  Syllabus  2-FH-2  malfunctions  delayed  the  project  several  weeks.  Meanwhile, 
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THE  HIGH-ALTITUDE  PLATE  WAS  INSTALLED  AMO  ADDITIONAL  LESSONS  WERE  DEVELOPED  TO 
TAKE  ADVANTAGE  OF  ITS  CAPABILITIES. 

The  amplified  Training  Syllabus  consisted  or  twelve  30  minute  sessions. 

The  Syllabus  vas  pretested  by  three  instructors  who  traineo  five  students*  The 
pretestings  served  to  check  on  the  pace  of  instruction,  to  eliminate  "bugs",  to 

TRAIN  INSTRUCTORS  FURTHER  AND  TO  MAKE  SURE  THE  SYLLABUS  COULD  BE  SCHEDULED  AND 
ADMINISTERED  PRACTICALLY,  INSTRUCTOR  AND  STUOENT  COMMENTS  WERE  RECORDED  AFTER 
EACH  LESSON.  IN  GENERAL,  THE  SYLLABUS  WAS  FOUND  SATISFACTORY.  HOWEVER,  A  CON¬ 
SIDERABLE  NUMBER  OF  SUGGESTIONS  HELPED  IMPROVE  THE  REVISED  PROGRAM  WHICH  IS 

found  in  Appendix  0.  Eight  of  the  training  periods  incluoc  maneuvers  taught 

NEAR  THE  GROUND  AND  MAKE  USE  OF  THE  LOW-ALTITUDE  TRANSPARENCY  PLATE.  THE  GREATER 
FLY— ROOM  PROVIDED  BY  THE  HIGH-ALTITUDE  PLATE  WAS  UTILIZEO  TOR  FOUR  PERIOOS  TO 
PROVIDE  INSTRUCTION  IN  MANEUVERS  ASSOCIATED  WITH  EFFECTIVE  TRANSLATIONAL  LIFT. 

Thus,  substantially  all  maneuvers  taught  in  A«5tage  of  HTU-I  are  incluoed. 

The  Syllabus  consists  of  five  stages  of  instruction: 

1.  Orientation  and  familiarization.  (Perioo  1} 

2.  Practice  with  individual  controls,  (Periods  I  4  2) 

3.  Practice  in  near-ground  maneuvers,  (Periods  3-8) 

4.  Practice  in  maneuvers  associated  with  effective 
translational  lift.  (Periods  9  4  10) 

5*  Diagnosis  and  correction  of  crrors  ano  Final  Critique, 

(Periods  1 1  4  12) 

The  Syllabus  was  prepared  for  both  instructor  and  student*  Essential 
points  of  each  period  or  instruction  (typeo  on  5  X  8  cards)  scrveo  as  guides  for 
instructors*.  In  addition,  at  the  completion  of  each  instruction  perioo,  these 

POINTS  PROVIDC  A  BASIS  FOR  A  STUOENT  CRITIQUE.  RECOGNIZED  PRINCIPLES  OF  GOOD 


124 


*•1  in  r*' 


PEDAGOGY  SUCH  AS  THOSE  LISTED  BELOW  WERE  FOLLOWED 


a.  The  burden  or  learning  is  placed  on  the  student*  He 

f:  IS  RESPONSIBLE  FOR  UNDERSTANDING  THE  SYLLABUS  ANO  THE 

*  Standardization  Manual  so  that  he  is  prepared  to  talk 

through  the  content  or  each  lesson. 
s.  Flexibility  or  instruction  is  provided  by  allocating 

TIME  AT  THE  ENO  OF  EACH  INSTRUCTION  PERIOD  FOR  THE 
INSTRUCTOR  AND  STUDENT  TO  CONCENTRATE  ON  PARTICULAR 
DIFFICULTIES  ENCOUNTERED  BY  THE  STUOENT. 

c.  Flight  is  "frozen"  and  stuoents  critiques  are  given 

AS  REQUIRED.  In  AOOITION,  STUDENTS  ARE  CRITIQUED  AT  ' 

THE  END  OF  EACH  PER  I OO. 

o.  Emphasis  is  placed  upon  breaking  maladaptive  rixED-wiNO 

HABITS  SUCH  AS  THE  HABIT  (ESPECIALLY  STRONG  IN  NAVY 
PILOTS)  OF  BRINGING  THE  STICK  FULL  BACK  ON  LANOING. 

From  comments  of  HTU-I  instructors  ano  stuoents  traineo  in  the  2-FH-2,  it 

IS  BELIEVED  THAT  THE  TRAINING  SYLLABUS  SATISFACTORILY  EXPLOITS  THE  PRESENT 
CAPABILITIES  OF  THE  DEVICE. 
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IV.  THE  CRITERION 


•i 

•  *  * 


w. 


c 


The  criterion  consists  of  a  Flight  Check.  It  was  used  to  assess  the 

rr 

TRAINING  CAPABILITIES  OF  THE  SIMULATOR  BY  COMPARING  PERFORMANCE  OF  STUDENTS  WHO 

* 

WERE  TRAINED  IN  THE  2-FH-2  WITH  THE  PERFORMANCE  OF  COMPARABLE  STUDENTS  HAVING?'' NO 
SUCH  EXPERIENCE.  THE  BACKGROUND  MATERIAL  OISCUSSED  IN  SECTION  II  HELPED  DETERMINE 
THE  CRITERION  CONTENT;  RESEARCH  REPORTS  WERE  OF  ASSISTANCE  IN  DEVELOPING  TECH¬ 
NIQUES  of  evaluation  (4,  8,  15  4.  I6)«  Maneuvers  were  selected  from  those  judged 

MOST  DIFFICULT  AND  CRITICAL.  APPLICATION  OF  THE  CONCEPT  OF  FLIGHT  FREEDOMS 
ALLOWED  SELECTION  OF  MANEUVERS  TO  PROVIOE  COVERAGE  OF  THE  PILOT*S  ABILITY  TO 
OPERATE  THE  AIRCRAFT  IN  EACH  FLIGHT  PARAMETER  AND  IN  THE  MORE  COMMON  COMBINATIONS 
OF  PARAMETERS.  STUDY  OF  THE  DIFFICULTY  OF  MANIPULATING  THE  VARIOUS  CONTROLS  ANO 
AN  EXAMINATION  OF  THE  MORE  CRITICAL  ERRORS  PERMITTED  CRITICAL  SKILL  REQUIREMENTS 
TO  BE  IDENTIFIED.  THE  MANEUVERS  SELECTED  WERE S 

A.  Hovering 

6.  Vertical  Take-off  ano  Vertical  Landing 
C.  Constant  Heading  Squares 
0.  Turns  on  a  Spot 
E.  Normal  Approach 

The  maneuvcr  ranks,  the  more  difficult  controls  ano  control  coordinations, 

AND  THC  MORE  CRITICAL  ERRORS  ASSOCIATED  WITH  EACH  MANEUVER  CAN  BE  FOUND  IN 

Appendices  A,  6  and  C* 

A  PRELIMINARY  DRAFT  OF  THC  FLIGHT  CHCCK  WAS  OCVCLOPCO,  OISCUSSCO  WITH 
INSTRUCTORS,  ANO  MODIFIED  ACCORDING  TO  THEIR  SUGGESTIONS.  THE  CHECK  LIST  WAS 
REDUCED'  TO  KNEE-PAO  SIZE  FOR  SAFE  AND  EFFICIENT  ADMINISTRATION*  FOUR  INSTRUCTORS 
PRETESTED  THE  FLIGHT  CHCCK  IN  THE  AIR  BY  ADMINISTERING  IT  TO  THEIR  STUDENTS*. 


Instructor  ratings  and  comments  were  summarized  with  respect  to  how  appro 


PfilATELY  ITEMS  DESCRIBED  LEVELS  Or  PERFORMANCE  of  behavior  bcing  evaluated,  their 
COMPREHCNS I VENESS ,  ANO  the  practicality  of  using  the  check  form  as  prescribed.'/^ 

In  ADDITION,  INSTRUCTOR  ratings  on  the  completed  forms  were  examined  to  octcrm&e 
WHETHER  ALL  ITEM-CATEGORIES  WERE  BEING  USED,  ANO  HENCE,  WHETHER  ITEMS  COULO 
REASONABLY  BE  EXPECTED  TO  DISCRIMINATE  BETWEEN  EFFECTIVE  AND  INEFFECTIVE  PERFORM¬ 
ANCE.  Several  changes  were  made  in  items  and  format  on  the  basis  of  pretests. 

STANDARO  NAVAL  ABBREVIATIONS  AND  PHONETIC  SPELLINGS  WERE  USED  IN  THE  FORMAT. 

This  MADE  it  POSSIBLE  TO  RATE  EACH  MANEUVER  ON  A  SINGLE  PACE.  SINCE  THE  CHECK 
PILOT  MUST  ALSO  ACT  AS  A  SAFETY  PILOT,  THE  ABRIDGED  FORM  IS  MUCH  EASIER  FOR  HIM 
TO  HANOLE. 

The  final  form  of  the  Flight  Check  is  presented  as  Appendix  E.  The  nature 

of  the  items  REFLECTS  SOME  OF  THE  DIFFICULTIES  INHERENT  IN  ACCURATE  EVALUATION 

or  helicopter  flight.  Host  criterion  maneuvers  are  performed  near  the  ground  at 

I.OV  AIRSPEEDS  AND  WITH  SMALL  ALTITUDE  TOLERANCES.  IN  SUCH  MANEUVERS  THE  A I RSPEED 
INDICATOR  ANO  ALTIMETER  ARE  PRACTICALLY  USELESS.  PERFORMANCES  IN  THESE  PARAMETERS 
WCRE  EVALUATED  SUBJECTIVELY.  CRITERION  ITEMS  ARE  OF  THREE  SORTS: 

I.  Relatively  objective  measures  wherein  the  check  pilot 

RECORDS  THE  REAOINGS  OF  COCKPIT  INSTRUMENTS.  Th  I S 
TYPE  OF  ITEM  IS,  OF  COURSE,  REGAROED  AS  MOST  RELIABLE 
AND  HENCE,  MOST  0ESIRA8LE.  READ  I NCS ' OF  THE  COMPASS 
ANO  TACHOMETER  WERE  USED  AND  AIRSPEED  REAOINGS  WERE 
RECORDED  IN  THE  TRANSLATIONAL  LIFT  PORTION  OF  THE 

NORMAL  APPROACH.  t 

<  * 

*2.  Subjective  ratings  of  the  correctness  or  the  altituoe,  ' 

--  j 

•  POSITION  OR  TRACK  OF  THE  PLANE  WITH  REGARD  TO  SOME 
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GROUND  REFERENCE  POINT 


3.  Subjective  evaluations  of  the  smoothness  with  which 


THE  3TU0ENT  USED  INDIVIDUAL  CONTROLS  OR  EFFECTED  " 


■  CONTROL  COORDINATIONS.  .’T: 

Evaluations  of  all  three  types  are  useo  with  emphasis  upon  those  task 

COMPONENTS  INDICATED  FROM  BACKGROUND  MATERIALS  AS  MOST  CRITICAL*  TO  AVOID, 
INSOFAR  AS  POSSIBLE,  THE  LACK  OF  DISCRIMINATION  AND  RATER  BIAS  OFTEN  ASSOCIATED 
WITH  SUBJECTIVE  RATINGS  AND  TO  MAKE  SURE  THAT  CHECK  PILOTS  USEO  HIGH  ANO  CONSIS¬ 
TENT  STANDARDS  OF  RATINGS,  A  SET  OF  INSTRUCTIONS  WAS  DEVELOPED  WHICH  OESCRIBE  THE 
ERRORS  COMMONLY  ASSOCIATED  WITH  FLIGHT  RATINGS*  THESE  INSTRUCTIONS  ARE  APPENOEO 
IN  THE  FIRST  PAGES  OF  APPENOIX  E, 

The  CRITERION  YIELDS  AN  OVERALL  SCORE  ANO  PROVIOE3  MEANS  FOR  COMPUTATION 
OF  A  NUMBER  OF  SUBSCORES.  ADMINISTRATION  OF  THE  CRITERION  AND  THE  COMPARISON 
OF  CONTROL  AND  EXPERIMENTAL  STUDENTS  WITH  RESPECT  TO  VARIOUS  CRITERION  SUBSCORES 
IS  DISCUSSED  IN  THE  NEXT  SECTION* 


V.  administration  or  TRAINING  syllabus  ano  criterion 


General  Considerations 

rr 

^CONSIDERATION  WAS  GIVEN  TO  THE  MANNER  IN  WHICH  THE  TRAINING  SYLLABUS  *NO 

Fl i efftT  Criterion  should  be  administered.  Several  research  desiderata  ano  jrper- 

•TIONAl  LIMITATIONS  HAD  TO  BE  KEPT  fN  MINOS 

A.  Thirty-six  students  were  obtained  tor  the  study; 
half  or  these  could  be  utilized  tor  six  hours  or 
training  in  the  2-FH-2.  This  half  woulo  be  DES¬ 
IGNATED.  AS  EXPERIMENTAL  SUBJECTS,  THE  OTHER  HALF 
AS  CONTROL  SUBJECTS. 

B.  The  evaluation  program  should  i nterfere  as  little 
AS  possible  with  operational  schedules. 

C.  Sapcty  precautions  requireo  all  subjects  to  have 

SOME  HTL  PLIGHT  TRAINING  BEPORE  THE  FLIGHT  CHECK 

could  be  administered. 

D.  Ip  the  2-FH-2  is  an  eppective  training  device,  as 

«  * 

more  ano  more  in-plight  hours  are  interspersed 
between  2-FH-2  training  and  administration  op  the 
Flight  Criterion,  the  more  difficult  it  becomes 

TO  ASSESS  THE  DEGREE  OF  TRANSFER.  THIS  CONSIDER¬ 
ATION  WAS  BALANCED  AGAINST  THE  ONE  JUST  ABOVE  WITH 
THE  RESULT  THAT  FOUR  HOURS  OF  FLIGHT  TRAINING  WERE 
ADMINISTERED  BETWEEN  THE  ADMINISTRATION  OF  THE 

v  Training  Syllabus  ano  the  Flight  Criterion.  \ 

f  .  i 

Several  designs  for  the  evaluation  were  considered.  One  involveo  inter- 

--  4 

7  i 

SPCRS1NG  2-FH-2  training  periods  between  hours  of  flight  instruction;  part  of 
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THE  FL I GHT  TRAINING  PERIOD  COULD  BE  USED  TO  ADMINISTER  FLIGHT  CHECKS  COVERING 
MANEUVERS  JUST  PRACTICED  IN  THE  2-FH-2.  THE  TIME,  OR  THE  NUMBER  OF  TRIALS 
REOUIRED  TO  REACH  AN  ACCEPTABLE  CRITERION,  COULD  THEN  BE  USED  AS  THE  MEASURE  OFiV 
THE  EFFECTIVENESS  OF  SIMULATOR  TRAINING  IN  THAT  MANEUVER  (8),  THIS  METHOO  COULD-'- 

V 

NOT  BE  IMPLEMENTED  OPERATIONALLY.  A  8LOC.K  TRAINING  METHOD  WHICH  CONSISTED  OF 
GIVING  ALL  TRAINING  IN  THE  2-FH-2  PRIOR  TO  FLIGHT  TRAINING  WAS  THEREFORE  UTILIZED. 

There  is  some  evidence  to  the  effect  that  this  methoo  utilizes  simulators  more 
EFFECTIVELY  (3,  13  &.  M). 

% 

Two  ALTERNATIVE  METHODS  FOR  EQUATING  TRAINING  TIME  OF  EXPERIMENTAL  AND 
CONTROL  SUBJECTS  WERE  CONSIDERED.  (AS  STATED  EARLIER  SOME  FLIGHT  TRAINING  HAD 
TO  BE  GIVEN  TO  BOTH  GROUPS  BEFORE  THE  CRITERION  WAS  ADMINISTERED).  BY  ONE  METHOO, 
TOTAL  TIME  WOULD  BE  EQUATED {  I.E.,  2-FH-2  TIME  PLUS  FLIGHT  TIME  FOR  EXPER I  MENTALS 
WOULD  BE  EQUATED  TO  FLIGHT  TIME  FOR  CONTROLS.  BY  ANOTHER  METHOD,  EXPER I  MENTALS 
COULD  BE  GIVEN  A  SPECIFIED  NUMBER  OF  TRAINING  HOURS  IN  THE  2-FH-2.  EXPER I  MENTALS 
AND  CONTROLS  WOULD  THEN  BE  GIVEN  EQUAL  FLIGHT  TIME  PRIOR  TO  ADMINISTRATION  OF 

the  Flight  Criterion. 

The  latter  procedure  was  followed  because  of  possible  ambiguity  or  inter¬ 
pretation  of  CERTAIN  TYPES  OF  POSSIBLE  RESULTS  J  IF  CRITERION  SCORES  OF 
EXPFRI MENTALS  AND  CONTROLS  010  NOT  DIFFER  SIGNIFICANTLY,  THE  TRAINING  VALUE  OF 
THE  2-FH-2  WOULD  HAVE  TO  BE  ASSUMED  TO  BE  EQUIVALENT  TO  THAT  OF  THE  SAME  NUMBER 
OF  HOURS  OF  FLIGHT  TRAINING*  ACCEPTANCE  OF  THIS  ASSUMPTION  WITHOUT  FIRST  HAVING 
ESTABLISHED  THAT  THE  CRITERION  ADMINISTERED  OPERATIONALLY  COULD  DISCRIMINATE 
BETWEEN  EFFECTIVE  AND  INEFFECTIVE  PERFORMANCES  COULD  LEAD  TO  FAULTY  CONCLUSIONS. 

V  i 

Aomi  NtsifRATiON  or  Instruments  * 

Thirty-six  subjects  werc  selected,  cigmteen  experi meftals  and  cighteen  j 

.  i-  u 

controls.  Subjects  were  student  pilots  reporting  to  HTU-I.  Trainees  varied 

i 
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aPEATLT  IN  T rlE  AMOUNT  OF  FLIGHT  EXPERIENCE.  SUBJECTS  INCLUDED  AVIATION  CADETS, 
KON-OES I GNATED  AND  DESIGNATED  NAVAL  AVIATORS.  MANY  OF  THE  LATTER  WERE  OFFICERS 
jhO  HAD  HAD"  EXTENSI VE  FLIGHT  EXPERIENCE.  CONTROL  ANO  EXPERIMENTAL  SUBJECTS  WERE 77 

selected  from  three  HTU-I  classes:  5-57,  7-57  ano  8-57.  Six  experimental  students 

AND  six  CONTROLS  WERE  SELECTED  FROM  CLASS  5-57?  FOUR  OF  EACH  GROUP  FROM  CLASS 
7-57  ANO  EIGHT  OF  EACH  GROUP  FROM  CLASS  8-57.  STUDENTS  WERE  TRAINED  AND  TESTED 
AS  FOLLOWS*: 

Subjects  reported  for  training  in  the  2-FH-2  after  they  had 

BEEN  GIVEN  THEIR  A-l  FAMILIARIZATION  FLIGHT  ANO  ON  COMPLETION 

of  ground  School.  Subjects  were  then  administered  two  half 
hour  lessons  per  day  in  the  2-FH-2  for  six  days.  Instruction 

WAS  SPACED  SO  THAT  THERE  WAS  AT  LEAST  A  THIRTY  MINUTE  BREAK 
BETWEEN  TRAINING  PERIODS  ON  THE  SAME  DAY. 

2-rH-2  INSTRUCTION  WAS  ADMINISTERED  BY  QUALIFIED  HTU-I 

u 

INSTRUCTORS  ASSIGNED  TO  THE  PROJECT. 

PRCTEST  AND  TRAINING  SCHEDULES  WERE  HAMPERED  BY  2-FH-2  BREAK¬ 
DOWNS  ANO  INSTRUCTOR  SICKNESS  CAUSED  BY  THE  OEVICC. 

Although  three  instructors  should  have  been  sufficient,  eleven 
were  assigned;  seven  of  these  hao  to  quit,  primarily  because 
of  sickness.  More  instructor  time  was  therefore  rcquirco  to 
check  out  new  instructors  in  the  stanoaroizeo  administration 
or  the  Training  Syllabus. 

Inc  Flight  Check  was  administered  after  the  stuocnt  mad  com¬ 
pleted  TRAINING  HOUR  A-5  ANO  PRIOR  TO  TRAINING  HOUR  A-6.  THIS 

>  ; 

7  r- 

'  ■  1  v  "  1  1  1  11  '"',l  '  """"  '  """ 

•  This  procedure  was  followed  with  exceptions  required  to  coordinate  this  i 

STUDY  WITH  SQUADRON  SCHEDULES. 
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REPRESENTED  A  COMPROMISE  BETWEEN  SAFETY  ON  THE  ONE  HANO 
ANO  ADMINISTRATION  OF  THE  CHECK  AS  SOON  AS  POSSIBLE  ON 

^completion  of  the  2-FH-2  training  on  the  other.  There 

■were  four  Flight  Check  instructors,  each  of  whom  was  *- 

*  £ 

"briefed  on  the  Criterion  ano  reviewed  the  instructions 

for  its  administration.  The  Flight  Check  required  about 

THIRTY  MINUTES  TO  ADMINISTER;  THE  PLANE  WAS  LANDED  DIRECTLY 
AFTER  EACH  MANEUVER  SO  THAT  PERFORMANCE  OF  THAT  MANEUVER 
COULD  BE  RATED. 

IN  ADDITION  TO  THE  FLIGHT  CHECK,  ADMINISTRATIVE  RECORDS  CONSISTING  OF  THE 
SCORES  MAOE  BY  EXPERIMENTAL  AND  CONTROL  SUBJECTS  ON  THE  SQUADRON  FLIGHT  CHIT 
REPORTS  FOR  HOURS  A-2  THROUGH  HOURS  A-5  WERE  OBTAINED. 

The  RATING  FORMS  WERE  TABULATED  SO  THAT  ANALYSIS  COULD  BE  MADE  BY  MANEUVER 
AND  BY  FLIGHT  TASK.  SCORING  PROCEDURES  ARE  DESCRIBED  NEXT.  BOTH  SETS  OF 
CRITERION  DATA,  THAT  COLLECTED  ON  THE  FLIGHT  CHECK  ANO  THE  TRAINING  FLIGHT  CHIT 
SCORES,  ARE  SUMMARIZED  IN  TABLES  I,  2  ANO  3. 

Scoring  Procedures 

Performance  was  scored  as  follows:  three-category  items  were  scored;  2 

rOR  GOOD  OR  EFFECTIVE  PERFORMANCE,  I  FOR  FAIRLY  GOOO  PERFORMANCE,  ANO  0  FOR 
POOR  PERFORMANCE.  In  THE  CONSTANT  HEADING  SQUARES  MANEUVER,  REPEATED  ITEMS 

(Ground  Speed,  Follows  Track,  Anticipates  Stops  ano  Maintains  Altitudc)  were- 

* 

scored  I,  £  and  0.  All  two-catcgory  items  were  scored  2  or  0. 

Occasionally,  instructors  had  to  take  over  the  aircraft  for  reasons  or 

SAFETY,  ANO  WHEN  THIS  HAPPCNEO  THE  WCIGMT  OF  THE  ITEM  WAS  SUBTRACTED  FROM  THE  t 

score.  Items  were  scored  zero  during  times  when  the  instructor  mad  to  keep  *  ‘ 

«  t 

CONTROL  OF 'THE  AIRCRAFT.  '• 

c 
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Quantitative  scores  were  converted  into  this  scoring  system  as  follows: 
}'■  Compass  (Op.timal-0°  Heading)  Score 

*  Maintained  heaoing  within  5°-  -----  2 

m 

'Maintained  heading  within  10°  -----  | 

Variations  greater  than  10°  -----  -  C 

Airspeed  in  Normal  Approach  (Optimal  45  knots) 


Within  42-48  knots  ----------  2 

Within  38-52  knots  ----------  | 

Bclow  38,  above  52  knots  ------  -  0 

Tachometer  (Optimal  3100  RPM) 

Within  3050-3150  RPM  ---------  2 

Within  2975-3225  RPM  ---------  I 

Below  2975,  above  3225  RPM  ------  0 


Instructors,  at  times,  either  failed  to  observe  or  failed  to  rate  actions 

COVERED  BY  SOME  ITEMS.  VALUES  OF  THESE  ITEMS  WERE  SUBTRACTED  FROM  THE  TOTAL 
POSSIBLE  SCORE.  THIS  ACCOUNTS  FOR  THE  DISCREPANCY  BETWEEN  TOTAL  POSSIBLE  SCORE 
IN  VARIOUS  COMPARISONS. 

Comparison  of  Criterion  Scores  of  Experimental  and  Control  Subjects 

The  scores  of  experimental  ano  CONTROL  SUBJECTS  ON  THE  five  maneuvers  and 
tmc  component  tasks  are  summarized  in  Tables  I  ano  2.  Comparisons  indicate 

THAT  TOTAL  SCORCS  ARE  SUBSTANTIALLY  THE  SAME.  S>w<J«ES  MAOC  BY  CONTROL  SUBJECTS 

;■  \ 

On  FOUR  MANEUVERS  AND  TOTAL  SCORES  ARE  SLIGHTLY  Ml  CHER  THAN  THOSE  MADE  BY  T 

^  #  .  r 

r  j 

EXPERIMENTAL  SUBJECTS  OUT  THESE  DIFFERENCES  ARE  NOT  STAT I  ST  I  DAILY  SIGNIFICANT* 

IT  WAS  ORIGINALLY  PLANNED  TO  MAVE  THREE  INSTRUCTORS  EVALUATE  TWO  CONTROL  ANO  TWO  - 
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EXPERIMENTAL  STUOENTS  FROM  EACH  CLASS  SO  THAT  THE  EFFECT  OF  THE  DIFFERENT 
INSTRUCTOR  STANDARDS  AND  DIFFERENT  CLASSES  COULD  BE  CONTROLLED.  HOWEVER*  IT 
WAS  POSSIBLE  TO  MAKE  SUCH  A  COMPARISON  IN  ONLY  18  CASES.  NINE  CONTROL  AND  NINE 
EXPERIMENTAL  SUBJECTS  FROM  THC  SAME  CLASSES  WERE  RATEO  BY  CHECK  PILOTS  WITH  EQUAL*: 

experience.  Data  on  thcse  cases  yielded  essentially  the  same  results. 

Scores  were  compared  by  flight  task  unoer  the  assumption  that  one  group 
might  have  performed  CONSISTENTLY  better  on  certain  tasks  and  poorer  on  others. 
Comparisons  failed  to  show  consistent  differences.  (See  Table  2.) 

A  check  was  maoe  to  determine  whether  these  results  might  be  attributable 
to  differences  among  check  pilots  in  their  standards  of  rating*  or  consistent 
differences  between  scores  of  students  checked  in  the  HTL-6  as  against  those 
checked  in  the  HTL-5.  No  consistent  differences  were  observed. 

As  A  further  check*  flight  chit  scores  for  experimental  ano  control  subjects 
for  flights  A-2  through  A-5  were  compareo.  These  were  the  intervening  perioos 
between  training  in  thc  2-FH-2  and  the  administration  of  the  Flight  Check  for 
experimental  subjects.  Results  are  shown  in  Table  3.  No  consistent  pattern  is 
apparent.  Experimental  subjects  received  slightly  higher  average  grades  in  hour 
A-2  BUT  this  trend  does  not  hold  in  the  hours  that  followeo. 

These  negative  results  may  be  attributable  to  a  number  of  causes.  Among 
these  are:  I)  failure  of  the  the  Flight  Check  to  discriminate  when  administered 

BY  SQUADRON  CHECK  PILOTS*  AND  2)  LACK  OF  FIDELITY  OF  THE  2-FH-2  COMPOUNDED  BY 
NUMEROUS  INSTANCES  OF  MOTION  SICKNESS.  THE  FIRST  HYPOTHESIS  IS  HAROLY  TENABLE 
SINCE  SCORES  ON  THE  FLIGHT  CHECK  ARC  WELL  DISPERSED  ANO  THERE  IS  A  MARKED 

CORRELATION  -IN  SCORCS  AMONG  MANEUVERS.  THE  SCCONO*  LACK  OF  FIDELITY  COMPOUNDED 

*  • 

BY  MOTION  3I%KNCS3*  IS  DISCUSSED  IN  THC  NEXT  TWO  SECTIONS. 


TABLE  I 


CRITERION  SCORES  BY  MANEUVER 


GROUP 

MANEUVER  ' 

TOTALS 

HOVER 

1  2  3 

VTO-HVR-LDG 

4 

K-HOG-SQ 

5 

TOS 

6  1 
N-APP  J 

£XPCSll€NTAL* 

mm 

«*OiNTS  MADE 

217 

459 

371  y 

327 

489 

:HHI 

TOTAL  POSSIBLE  POINTS** 

324 

682 

560 

526 

818 

1  2910 

PERCENT  SCORE _ _ 

mm 

 i?£  . . 

66* 

IS3 

ISHjM 

!  64* 

CONTROL* 

i 

POINTS  MADE 

235 

491 

331 

301 

518 

1  1876 

TOTAL  POSSIBLE  POINTS** 

324 

680 

480 

502 

1 

818  ] 

1  2804 

PERCENT  SCORE 

73* 

..  72* 

69* 

mm 

— 

\  67* 

♦  N  -  18  EXPERIMENTAL  SUBJECTS j  18  CONTROL  SUBJECTS. 

**  IN  SOME  INSTANCES  TOTAL  POSSIBLE  POINTS  FOR  A  MANEUVER 

DIFFER  SINCE  CERTAIN  ITEMS  WERE  NOT  OBSERVEO  ANo/oR 
EVALUATED  BT  THE  CHECK  PILOT. 

NOTE:  The  following  abbreviations  are  used: 


1  VTO  -  Vertical  Take-off 

2  HVR  -  Hover 

3  LOG  -  Landing 

4  K-HOG-SQ  -  Constant  Heaoing  Square 

5  TOS  -  Turns  on  a  Spot 

6  N-APP  •  Normal  Approach 
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TOTALS 


29  tO 


64! 


1876 


2804 


TABLE  3 


t*. 

1* 

i* 

*:• 

l 

t 


Mt 


6IVCN  TO  THE  GROUP  FOR  THE  HOUR# 

EXAMPLE:  For  Hour  A-3  thc  experimental  subjects  receiveo  2$ 

Below  Average,  78#  Average,  and  20 £  Above  Average;  the 
Total  Grades  received  was  329. 

Readers  will  note  that  there  is  no  standardized  number  of  grades  . 

FOR  ANY  HOUR.  THIS  IS  BECAUSE  INSTRUCTION  (COVERAGE)  IS  GREATLY  * 
DEPENDENT  ON  STUOENT-I NSTRUCTOR  PROGRESS  AND  STUDENTS  ARE  GRADED  ' 
ON  CURRENT  AND  PRIOR  FLIGHT  ACHIEVEMENTS  AT  THE  DISCRETION  OF  THE  j 
INSTRUCTOR.  * 

NO  CRADCS  WERE  GIVEN  IN  THIS  CATEGORY. 

N  -  18  EXPERIMENTAL  SUBJECTS;  18  CONTROL  SUBJCCTS. 
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VI.  SICKNESS  INOUCED  BY  THE  2-FH-2 

There  %#s  ho.  provision  in  the  original  study  plan  to  study  motion 

SICKNESS*,  gOWEVER,  THE  PROBLEM  BECAME  SO  ACUTE  THAT  PRA  AND  NTDC  PERSONNEL 
DECIDED  THAT  SOME  EFFORT  SHOULD  BE  MADE  TO  INVESTIGATE  SICKNESS  INDUCED  BY  THE 
2-FH-2  AND  FACTORS  RELATED  TO  IT,  SINCE  THIS  HAO  TO  BE  DONE  IN  THE  MIODLE  OF 
THE  STUDY ,  IT  WAS  NOT  POSSIBLE  TO  ARRIVE  AT  DEFINITIVE  ANSWERS,  HOWEVER,  SOME 
IDEAS  ON  THE  NATURE  OF  THE  SICKNESS,  POSSIBLE  CAUSES,  AND  INFORMATION  THAT  MAY 
SUGGEST  RELATIONSHIPS  BETWEEN  THESE  CAUSES  AND  SICKNESS  ARE  DISCUSSED  BELOW, 

There  is  a  good  deal  of  literature  on  various  types  of  motion  sickness: 

SCAS I CKNESS ,  AIRSICKNESS,  ALTITUDE  SICKNESS,  ETC,,  (l,  2,  9),  MOST  SICKNESS  OF 
THIS  TYPE  REPORTED  IN  THE  LITERATURE  IS  PRODUCED  BY  THE  MOVEMENT  OF  THE  SUBJECT. 

Statements  such  as  "Visual,  kinesthetic,  and  olfactory  stimuli  are  influencing 

FACTORS  BUT  WILL  NOT  PRODUCE  SICKNESS  BY  THEMSELVES"  (9)  ARC  FAIRLY  COMMON.  THE 
DISCUSSION  BELOW  IS  LIMITED  TO  A  DF.SCRIPTION  OF  THE  SITUATION  FACED  IN  THE  STUOY, 

The  sickness  encountered  with  the  2-FH-2  is  apparently  uniquc  in  that  only  visual 

CUES  WERE  A  PART  OF  THE  CAUSAL  COMPLEX, 

Sickness  ano  other  undesirable  sensations  were  reporteo  at  Bell  Aircraft 
Corporation  where  the  2-FH-2  was  developed,  ano  among  three  of  twelve  instructors 
in  preliminary  evaluations. conducted  at  Ellyson  Field  (10),  In  this  study,  it 
was  encountered  in  a  more  virulent  form.  Furthermore,  the  2-FH-2  may  not 

REPRESENT  AN  ISOLATED  CASE  OF  SICKNESS  AMONG  CONTACT  FLIGHT  SIMULATORS,  WHICH 
PROVIDE  EXTRA-COCKPIT  CUES,  AS  THERE  HAVE  BEEN  SOME  RCPORTS  OF  SICKNESS  IN  THE 
F-I5I  Aerial  Fixcd  Gunnery  Trainer, 


*  This  term  is  used  here  to  refer  to  the  sickness  encountered,  in  the  2-FH-2. 
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A  QUEST  I ONNA I  RE  WAS  DEVELOPED  TO  OBTA ! N  INFORMATION  CONCERNING  THE  SICKNES.. 

ir-wAS  completed  or  thirty-six  respondents  -  instructors,  students,  and  other 
*  * «. 

pr«SONNCL  EXPERIENCED  fN  THE  2-TH-2  AND  THE  HTL.  THE  QUESTIONNAIRE  rORMjJS 

*  V. 

prIsented  and  responses  are  summarized  in  Appendix  F,  and  discussed  belo*. 

Twenty-eight  or  thirty-six  respondents  reported  sickness  in  some  degree. 

IT  WAS  more  frequently  reported  early  in  training  and  it  was  more  likely  to 
occur  IN  the  first  ten  minutes  of  the  training  period. 

Nausea,  dizziness,  vertigo,  headaches,  blurred  vision  and  sweating  were 
frequently  reported  symptoms.  The  first  three  ano  sweating,  are  commonly 

•{PORTED  AS  ASSOCIATED  WITH  AIRSICKNESS.  HOWEVER,  BLURRED  VISION  AND  HEAOACHCS 
ARC  NOT  SO  COMMONLY  REPORTED  IN  THE  LITERATURE.  THERE  WERE  A  NUMBER  OF  REPORTS 

OF  "DOUBLE  VISION." 

Tmc  sickness  was  often  quite  persistent.  More  than  half  the  respondents 

•{PORTED  it  LASTED  AN  HOUR  OR  LONGER  AFTER  THE  FLIGHT  ANO  FIVE  SAID  IT  LA3TEO 

OVERNIGHT.  There  were  a  number  of  reports  that  it  interfered  with  reaoinc, 

paper  work,  etc.,  several  hours  after  a  flight.  Although  some  respondents 

.  • 

•cported  getting  over  THEIR  sickness  after  a  few  hops,  several  DIO  not;  AND  THERE 
WERE  INSTRUCTORS  who  REPORTED  NO  SICKNESS  THE  FIRST  HOURS  BUT  BECAME  SICK  LATER. 

Speculations  as  to  what  features  of  the  device  were  responsible  for  this 

SiCKNCSS  RELATE  TO  COMPONENTS  OF  THE  MACHINE  ANO  THE  PERCEPTIONS  OF  THE  OPERATORS. 

These  arc  listed  below. 

A.  Fioelity  LIMITATIONS. 

I.  Reflections  from  both  plates,  when  the  light  is 

\ 

near  the  ground,  result  in  double  images  on  the  J 

SCREEN.  j 
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2.  At  lov  altitudes  and  on  approaching  the  deck, 

OBJECTS  BECOME  PROGRESSIVELY  MORE  BLURRED  AND 

appear  foggy.  Texture  cues  are  therefore  of 

NO  VALUE  IN  PROVIDING  INFORMATION  AS  TO  ALTITUOE. 

3.  Near  the  indicated  machine  limits  of  !5°  in 

PITCH  AND  ROLL  PILOTS  REPORTED  AN  APPARENT  PITCH 

OF  45°  TO  60°  IN  THE  LOW-ALTITUDE  PLATE, 

\ 

4.  Both  plates  vibrate  during  yawing  ano  turns. 

5.  Three  incompatible  apparent  motions  are  visible: 

THE  MAIN  MOTION  OF  THE  PANORAMA,  THE  MOVEMENT  OF 
THE  PLATE  OVERHEAD  WHEN  IN  CERTAIN  POSITIONS,  AND 
APPARENT  MOVEMENTS  PRODUCED  3Y  OUST  OR  LINT  ON 
THE  LENS. 

6.  With  translational  movement,  objects  on  the  floor 

OF  THE  PLATE  PROVIDE  INTERPOSITION  CUES.  No  INTER¬ 
POSITION  CUES  are,  OF  COURSE,  POSSIBLE  AMONG  OBJECTS 
PAINTED  ON  THE  SIDES  OF  THE  TRANSPARENCY. 

7.  There  is  a  lack  of  rotational  pitching  or  roll 

MOTIONS  OF  THE  COCKPIT?  THERE  ARE  NO  KINESTHETIC 
ANO  VESTIBULAR  SENSATIONS  NORMALLY  PRODUCCO  BY 
G-CHANGES  IN  FLYING  AN  AIRCRAFT* 

8.  Discrepancies  exist  between  control  lag  ano  control 

DISPLACEMENT  RCQUIREO  IN  THE  2-FH-2  AS  CONTRASTED 
TO  THC  HTL 

9.  The  cockpit  is  positioned  wrong  relative  to  the  light. 


10.  There  is  a  lack  or  retinal  disparity  *  the  same 

IMAGE  IS  SEEN  BY  BOTH  EYES. 

B.  In  ADDITION,. THERE  ARE  certain  factors  that  may  be 
REGARDED  AS  "PSYCHOLOGICAL".  Th I S  IS  A  CATCH-ALL 
Category  but  includes:  . 

1.  OlSPAR'TY  BETWEEN  PERCEIVED  VISUAL  DISPLAY  AND 
EXPECTCD  VISUAL  OISPLAY.  THIS  ARISES  FROM  ALMOST 
ALL  LACKS  OF  FIOELITY  LISTED  ABOVE. 

2.  Suggestion.  Personnel  could  become  airsick  in 

THE  DEVICE  BECAUSE  THEY  BECAME  AIRSICK  IN  IT- 
EARLIER  OR  BECAUSE  PERSONNEL  IN  THE  SQUADRON 
TOLD  THEM  THEY  WOULD. 

3.  Claustrophobia,  especially  in  the  low-altitude 

PLATE.  A  SENIOR  OFFICER  WITH  THOUSANDS  OF  HOURS 
OF  FLIGHT  EXPERIENCE  SAID,  "THE  2-FH-2  INITIALLY 
GIVES  ONE  THE  SENSATION  DELAYED  TO  CLAUSTROPHOBIA  - 
A  FEELING  OF  BEING  ENCLOSED  OR  ENTRAPPED  IN  AN 
ENCLOSURE  WHEREIN  ALL  LIGHT  AND  OBJECTS  ARE  HAZY, 


DULL,  AND  GENERALLY  OUT  OF  FOCUS.  THIS  FEELING 
AUTOMATICALLY  IMPOSES  A  PSYCHOLOGICAL  BLOCK  TO  THE 


PROCESS  OF  PHYSICAL  AND  MENTAL  EFFICIENCY1'.  A 
NUMBER  OF  OTHER  HTU-I  INSTRUCTORS  REPORTCO  SIHC.A’V 


FCCLINGS. 


There  are  bits  of  evioence  that  tend  to  rcfute  or 


LEND  SUPPORT  TO  THESE  SUGGESTED  CAUSES. 
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(a)  Blurred  vision,  double  vision,  eyestrain  and 

IMPAIRMENT  OP  READING.  THESE  WERE  FREQUENTLY 
REPORTED  BY  PILOTS,  BUT  ARE  NOT  COMMONLY 
REPORTEO  IN  THE  LITERATURE  ON  NOT  I ONS I CKNESS 
AND  AIRSICKNESS.  THESE  REPORTS  SUGGEST  THAT 
LACK  OF  RETINAL  DISPARITY  IS  A  PRIME  CAUSE. 

The  fact  that  sickness  was  reported  less  often 
in  the  high-altituoe  plate  especially  at  HIGH- 

ALTITUOES  SUPPORTS  THIS  HYPOTHESIS.  IT  WOULD 
APPEAR,  HOWEVER,  THAT  THIS  IS  NOT  THE  ONLY 

cause.  Some  personnel  tried  wearing  a  patch 

OVER  ONE  EYE,  ONE  INSTRUCTOR  SAID  THIS  ALLOWED 
HIM  TO  DO  PAPERWORK  AFTERWARD  EVEN  THOUGH  HE 
COULD  NOT  DO  THIS  TYPE  OF  WORK  SUBSEQUENT  TO 
FLYING  WHEN  HE  OIO  NOT  WEAR  THE  PATCH.  HOWEVER, 

HE  AND  OTHERS  WHO  USED  THE  PATCH  REPORTED  UN¬ 
PLEASANT  SENSATIONS  OR  SICKNESS  WHILE  WEARING  IT. 

(e)  The  high  plate  produced  noticably  less  sickncss, 

ALTHOUGH  UNPLEASANT  SENSATIONS  WERE  REPORTEO  BY 
SOME  SUGJCCT3  IN  IT.  THIS  MAY  SC  TAKEN  AS 
EVIDENCE  THAT  THE  LACK  Of  BINOCULAR  DISPARITY  IS 
A  CAUSE.  HOWEVCR,  THE  rulZINESS  OF  TEXTURE  CUES 
AT  LOW  ALTITUDES  ANO  PLATE  REFLECT! ONS  ARC  EQUALLY 
TENABLE  ALTERNATIVE  HYPOTHESES* 

(c)  Instructors  reported  sickness  somewhat  more  fre¬ 
quently  ANO  IN  A  MORE  EXTREME  FORM  THAN  STUDENTS. 
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This  COULD  8E  EXPLAINED  ON  THE  ASSUMPTION  THAT 

<  *• 

instructor's  expectancies  are  more  firmly  rbfco, 

r: 

HENCE,  MORE  SENSITIVE  TO  LACKS  OF  FIDELITY  ft*  THE 
‘  CH t  NE •  IT  COULO  also  be  attributed  TO  THE  FACT 
THAT  students  probably  manoleo  .he  controls  more 

OFTEN. 

(o)  Sickness  was  experienced  only  when  the  display 

moved.  This  wc-jlo  suggest  that  reflections,  etc., 

would  NOT  IN  THE  'THEMSELVES  PRODUCE  SICKNESS. 

(e)  Only  I  of  8  subjects  who  took  oramamine  rcporteo 
that  it  helped  him.  Several  subjects  reported 
unpleasant  sioe  effects  from  dramamine. 

(f)  NTDC  representatives  moved  the  cockpit  sack  about 
a  toot  about  mioway  in  the  Training  Syllabus. 

This  HAO  NO  NOTICEABLE  EFFECT  ON  SlCXNCSS. 

(g)  Airsickness  was  reported  most  frequently  in 
pitch  and  roll  oscillations,  hovering,  *no  figure 

EIGHTS.  VCRV  STRONG  AIRSICKNESS  WAS  RCPORTEO  BY 
7  respondents  in  Turns  on  a  spot.  It  woulo  seem 

THEN,  TO  BC  most  CLOSELY  ASSOCIATED  WITH  HOVCMCNT 
IN  the  rotational  RATHER  THAN  TRANSLATIONAL  FREE¬ 
DOMS.  (Attempts  to  mover  often  wound  up 'in 

OSCILLATIONS.)  ~ 

W 

J 

(m)  SUG&rSTION  ALONE  PROBABLY  DIO  NOT  CAUSE  SICKNESS,; 

8 

ALTHOUGH  IT  MIGHT  HAVE  BEEN  A  CONTRIBUTING  FACTOR. 


i 
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SEVERAL  PILOTS  WHO  HAD  NOT  BEEN  IN  THE  MACHINE 

OB  HEARD  ABOUT  SICKNESS  INDUCED  TV  THE  OEV1CE,  ‘ 

*’  •  *'  y 

*•  became’ sick  after  flying  the  2-FH-2.  v  i 

(i)  Instructors  who  flew  the  2-FH-2  at  Bell  Air- 

*  / 

craft  Corporation  when  there  were  gaps  in  the  » 

* 

SCREEN,  REPORTED  THEY  BECAME  AIRSICK  MORE  QUICKLY  ’ 

t 

THAN  WHEN  FLYING  WITH  THE  COMPLETE  SCREEN  AT  : 

i 

Pensacola* 

(j)  No  SICKNESS  HAS  BEEN  REPORTED  IN  A  SOMEWHAT 
SIMILAR  ENGINEERING  PROTOTYPE  DEVELOPED  BY 

Link  Aviation  Company*  This  prototype  is  ' 

ESSENTIALLY  A  SYMBOLIC  PRESENTATION  CONTAINING 

NO  OBJECTS  OF  KNCWN  SIZE.  THE  PILOT  FLIES  ' 

OVER  A  CHECKERED  STRIP,  THE  SEAT  PITCHES  AND 

(Rolls •  The  suggestion  has  been  haoe  that 

PITCH  AND  ROLL  OF  THE  COCKPIT  OF  THE  2-FH-2 

•  •  ! 

f 

•  WOULD  HEDUCC  THE  SICKNESS*  THE  WRITERS  OOUBT  * 

THIS  UNDER  THE  ASSUMPTION  THAT  SCAT  MOTION 

4  I 

» 

WOULD  NOT  tN  ITSELF  PROOUCC  A  REALISTIC  SIMUL«* 

AT  I  ON  OF  GRAVITY  FORCES.  HOWEVER*  IN  THE 

tX 

ABSENCE  OF  DATA  IT  WOULD  BE  WORTHWHILE  TO  ;• 

W 

INVESTIGATE  THIS  HYPOTHESIS,  / 

♦ 

From  this  listing,  it  is  obviously  not  possible  to  pinpoint  any  one  factor  < 

i  ^ 

AS  A  SOLCXAUSe  QF  SICKNESS*  It  IS  PROBABLE  THAT  SEVCRAL  FACTORS  ARE  RESPONSIBLE. 

E  1  • 

All  of  these  must  be  related  in  some  way  to  lack  of  fioelity  in  the  MOVING  DISPLAY,; 


FOR  INSTRUCTORS  REPORT  RELATIVELY  LITTLE  AIRSICKNESS  IN  HCLICOPTCR  TRAINING* 
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‘VI  J ; 


HOWEVER,  »T  IS  VERY  DOUBTFUL  THAT  ANY  VISUAL  EXTRA— COCKPI T  OISPLAY  THAT  CAUSES 
SICKNESS  AS  COMMON,  INTENSE  AND  PERSISTENT  AS  THE  2-FH-2  CAN  CVER  BE  OPERATION- 
Alc’y  ACCEPTABLE,  WHATEVER  ITS  MERITS. 


VII.  LEARNING  AND  FIDELITY 


^Aomitteoly,  "explanations"  as  to  why  the  2-FH-2  failed  to  train  are  uAd  Hoc", 
However,  when  we  combine  the  discussion  of  controls  ano  flight  parameters  Yn 

*  r;  • 

SectTon  II  WITH  the  instructor  COMMENTS  CONCERNING  PERFORMANCE  OF  STUDENTS  TRAINED 
IN  THE  2-FH-2,  A  NUMBER  OF  HYPOTHESES  ARE  SUGGESTED.  WHEN  THIS  MATERIAL  IS 
CONSIDERED  FROM  THE  VIEWPOINT  OF  LEARNING,  IT  SEEMS  PLAUSIBLE  THAT  STUDENTS 
TRAINED  IN  THE  2-FH-2  LEARNED  A  NUMBER  OF  WRONG  HABITS.  CONSIOER  THE  COMPLEX 
SKILLS  REQUIRED  TO  FLY  AN  AIRCRAFT.  IN  HIS  COMPENSATORY  SYSTEM,  THE  FUNCTION  OF 
THE  PILOT  IS  TO  CLOSE  SEVERAL  LOOPS,  TO  TAKE  CARE  OF  SEVERAL  SUB-TASKS  MORE  OR 
LESS  SIMULTANEOUSLY.  He  MONITORS  ANO  CONTROLS  THE  PATH  OF  the  AIRCRAFT  IN  THE 
SIX  FLIGHT  PARAMETERS  BY  CORRELATING  HIS  ONGOING  OBSERVATIONS  WITH  HIS  EXPECTAN¬ 
CIES  BY  APPROPRIATE  MANIPULATION  OF  THE  FLIGHT  CONTROLS.  HE  DOES  THIS  BY 
DEVELOPING  TWO  TYPES  OF  HABITS; 

A.  Monitoring  and  responding  properly  to  the  individual 

DISPLAY-CONTROL  RELATIONSHIPS  -  CLOSING  INDIVIDUAL 
LOOPS. 

6.  Proper  timesharing  between  loops  -  combining  a  number 

OF  LOOPS. 

What  are  the  stages  of  learning  by  uhich  tnc  novice  becomes  proficient? 

It  seems  reasonable  to  assume  that  an  initial  stage  consists  of  learning  gross 
expectancies,  i.c«,  what  it  looks  ano  feels  like  to  fly  a  helicopter.  The  pilot 
pulls  up  Collective  ano  senses  the  aircraft  rising,  he  learns  that  there  is  a 

LAG  IN  RESPON3C  TO  MOVEMENTS  OF  THE  CYCLIC  CONTROL?  THAT  HIS  AIRSPEED  INDICATION 

is  of  little  use  in  some  near  grouno  maneuvers.  But,  he  has  not  yet  learned  to 

P  * 

CLOSE  THE  LOOP  EFFECTIVELY.  j 


LaTCR  IN  training  the  pilot  begins  to  observe  The  display  ano  manipulate 

tl'G"T  controls  so  as  to  close  the  loop  efficiently#  While  he  may  learn  one 

i  if" 

LOOP  A’  TINE  (for  EXAI ?LEf  CYCLIC  AND  ASSOCIATED  DISPLAY  CHANGES)  OR  SEVERAL 
--  **\ 

at  ONCE,  CONSIDER  The  TAGES  BY  WH'CH  HC  LEARNS  to  BE  A  MONITOR-CONTROLLER  OF 
0«*«.  01  SPLAY-CONTROL  LOOP.  At  FIRST  HE  MUST  LEARN  HOW  MUCH  TO  DISPLACE  THE  CONTROL 
TO  PRODUCC  A  GIVEN  RATE  AND  ACCELERATION  OF  AIRCRAFT  MOVEMENT  IN  THE  FREEDOMS 
T«C  CONTROL  GOVERNS.  HE  MUST  LEARN  THE  CHARACTERISTIC  CONTROL  LAG  AT  VARIOUS 

speeds.  Fop  each  maneuver  he  must  learn  the  correct  extra  and  intra-cockpit 
VISUAL  picture  so  he  can  relate  to  it  the  picture  he  observes  by  proper  control 
movement.  At  this  learning  stage  he. must  consciously  think  of  each  move;  he 

CftN,  ANO  OFTEN  DOES,  VERBALIZE  WHAT  IS  HAPPENING  TO  THE  VISUAL  PICTURE;  THE 
AMOUNT  he  must  MOVE  THE  CONTROL.  TO  00  THIS  ALMOST  REQUIRES  THE  PILOT'S  FULL 
t:wC.  AS  LCARNING  PROGRESSES;  THE  MONITOR-CONTROL  FUNCTION  BECOMES  LESS 
aTTCmTION-OCMANOINC,  LESS  TIME  CONSUMING;  MORE  EFFICIENT.  HABITS  ARE  DEVELOPED 
W*IC*  MAKE  IT  UNNECESSARY  TO  CONSCIOUSLY  THINK  THROUGH  EACH  MOVE.  THE  TIME  SAVEO 
CAN  BE  APPLIED  TO  LEARNING  OTHER  LOOPS. 

Control  of  two  or  hore  loops  is  likely  achieved  as  follows:  The  pilot 

samples  ALTERNATELY  THE  CUES  THAT  PR0VI0E  NECESSARY  INFORMATION  AS  TO  HIS  POSITION; 
SPEED  ANO  ACCELERATION.  He  makes  A  RAPID  JUDGMENT  AS  TO  WHETHER  HE  MUST  MOVE  A 
CONTROL.  IF  HE  MUST;  HE  KNOWS  THE  APPROXIMATE  AMOUNT  OF  DISPLACEMENT  REQU4RE0. 
HENCE;  ME  DOCS  MOT  HAVE  TO  WAIT  AND  WATCH  TO  SEC  THAT  THE  PLANE  RESPONDS  PROPERLY. 
INSTEAD;  KC  SHIFTS  ATTENTION  TO  THE  CUES  PROVIDING  INFORMATION  ON  A  SECOND  LOOP; 
VWKES  THE  NECESSARY  CONTROL  MOVES  AND  CONTINUES  IN  THIS  MANNER  UNTIL  THE  FLIGHT 

It  *cmPLET£D.  THUS;  WHEN  THE  PILOT  BECOMES .  PROF  I C I  ENT;  HC  MONITORS  ANO  CONTROL'S 

> 

several  Control  -display  loops  by  time  sampling  each,  quickly  correlating  his  \ 

PERCEPTION  V'.TH  HIS  EXPECTANCIES  SO  AS  TO  ADJUST  AND  RCAOJUST  THE  POSITION; 
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MOVEMENT  AND  ACCELERATION  OF  THE  PLANE.  DEPENDING  ON  AIRCRAFT  TYPE,  MI3SION, 
MISSION  PHASE,  ETC.,  THE  TIME  REQUIRED  TO  MONITOR  VARIOUS  LOOPS  DIFFERS  GREATLY. 

The  proficient  pilot  varies  his  time-sharing  procedures  as  a  function  of  such 

FACTORS  SO.  HE  CAN  EXECUTE  ANY"  MANEUVER  EFFICIENTLY.  7* 

t 

HOW  CAN  A  TRAINER  THAT  LACKS  FIDELITY  FAIL  TO  PROOUCE  POSITIVE  TRANSFER,  J* 
OR  LEAD  TO  NEGATIVE  TRANSFER?  FOR  MOST  EFFECTIVE  LEARNING,  CONTROLS  ANO  01  SPLAYS 
SHOULD  BE  LINKED  IN  THE  SAME  WAY  IN  TRAINER  ANO  AIRCRAFT.  BUT,  CONS  I OER  THE 
DIFFICULTIES  ENCOUNTERED  BY  THE  SIMULATOR-TRAINED  PILOT  IN  THE  AIRCRAFT.  MOVE¬ 
MENT  OF  A  CONTROL  LEARNED  IN  THE  SIMULATOR  EITHER  MOVES  THE  CUES  SPECIFYING 
PLANE-EARTH  RELATIONSHIPS  TOO  LITTLE  OR  TOO  MUCH,  OR  AT  THE  WRONG  RATE.  THE 
HABITS  LEARNEO  IN  THE  SIMULATOR  ARE  INAPPROPRIATE  IN  THE  AIRCRAFT.  ONE  CRITICAL 
HABIT  IS  THAT  OF  MOVING  THE  CONTROL,  THEN  NOT  ATTENOING  TO  THE  INFORMATION 
PROVIDED  BY  ITS  ASSOCIATED  DISPLAYS.  THE  PILOT  MUST  LEARN  THIS  HABIT  SO  HE  CAN 
ATTEND  TO  DISPLAY  ELEMENTS  THAT  DETERMINE  HOW  HE  MUST  MOVE  A  SECONO  CONTROL. 

While  attending  to  these  elements  associated  with  the  secono  control,  he  assumes 
implicitly  that  his  manipulation  of  the  first  control  that  brought  the  simulator 
back  INTO  ALIGNMENT  will  properly  realign  the  aircraft.  As  THE  SIMULATOR  LACKS 
FIDELITY  REALIGNMENT  IS.  NOT  EFFECTED.  SO,  TO  FLY  THE  AIRCRAFT  PROPERLY  HE  MUST 
BREAK  LEARNEO  HABITS,  ANO  IN  DOING  SO  BRING  HABITUAL  SKILLS  SACK  TO  THE  CONSCIOUS 
THRESHOLD. 

It  would  seem  reasonable  to  predict  that  the  time  required  to  relearn  is 

* 

A  FUNCTION  OF  THE  NUMBER  OF  LOOPS  THAT  LACK  FIOCLITY  ANO  THE  DEGREE  OF  DISSIM¬ 
ILARITY  BETWEEN  TRAINER  ANO  AIRCRAFT  IN  EACH.  AnO  FINALLY,  WHEN  THE  OISPLAY 
CONTROL  RELATIONSHIPS  ARE  PHCNOMCNALLY  DISSIMILAR,  NOT  ONLY  MUST  THE  3TU0EMT 
RELEARN  TO..MONITOA  EACH  LOOP  PROPERLY,  HE  MUST,  TO  VARYING  OEGRCES,  RELEARN  * 

I* 

-  ** 

TIME-SHARING  HABITS.  • 

;  ~  « 
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Thc  concept  of  the  pilot  closing  display-control  loops  helps  to  ioentify 
ino  Evaluate  critical  fidelities  of  thc  2-FH-2.  To  maximize  transfer,  the 
p.cture  presented  IN  THE  2-FH-2  SHOULD  be  similar  to  that  observed  from  the 
a.bcraftso  the  pilot  can  learn  proper  expectations.  The  movement  of  controls  ~ 

REQUIRED  -SHOULD  BE  SIMILAR  IN  LAG,  SENSITIVITY  AND  DISPLACEMENT  SO  THE  PROPER  " 
MOTOR  HABITS  CAN  BE  LEARNED;  THUS,  THE  SAME  MOVEMENTS  THAT  CORRELATE  OBSERVED 
CUE  CONDITIONS  IN  THE  2-FH-2  WITH  THE  EXPECTED  CUE  CONDITIONS  WILL  CORRELATE 
THEM  EQUALLY  WELL  IN  THE  HTL. 

With  The  ABOVE  IN  MIND,  COMMENTS  FROM  INSTRUCTORS  AND  STUDENTS  WERE  CLASSI¬ 
FIED  UNDER  THE  CRITICAL  LOOPS  GOVERNED  BY  THE  COLLECTIVE-THROTTLE,  DIRECTIONAL 
Control  Pedals  and  Cyclic  control.  These  comments  should  not  er  regarded  as 

PRECISE  DESCRIPTIONS  AND  THEY  MAY,  IN  SOME  INSTANCES  REFLECT  EMOTIONAL  BIAS. 
HOWEVER,  IT  IS  BELIEVED  THAT'  THEY  ARE  REASONABLY  ACCURATE. 

T*»*ottl c  and  Collective  Pitch 

Throttle  and  Collective  Pitch  control  the  lift  ano  hence,  the  ascent  ano 
dcsccnt  of  the  aircraft  by  adjustment  of  the  PITCH  OF  THE  MAIN  ROTOR  AND  thc 
power.  The  Throttle  is  most  frequently  used  to  compensate  for  Collective 
aojustmcnts. 

Among  the  more  critical  external  stimulus  patterns  that  allow  the  pilot  to 
naaoic  these  controls  properly  are  cues  arising  from  the  CXPANOING  OR  contracting 

•ROUND  PATTERN,  INTERPOSITION  AND  CHANGES  IN  INTERPOSITION  OF  OBJECTS  IN  THE 
VERTICAL  TRANSLATIONAL  FRCCOOM,  THE  APPARENT  MOVEMENT  OF  GROUND  OBJECTS  ALONG 
tNC  CANOPY,  THE  SIZC  OF  KNOWN  OBJECTS,  ANO  SURFACE  TEXTURE  ANO  APPARENT  TCXTURC 
CHANGES  WI.TM  CHANCING  ALTITUDE..  INSIDE  THE  COCKPIT  THC  MOST  CRITICAL  INDICATION  i 

♦$  THE  RfH  ««'CH  IS  TO  THE  ROTARY  WlNG  PILOT  "WHAT  AIR3PCE0  IS  TO  THE  FIXCO  ^ 

•-  1 

VIM  PILOT."  In  ADDITION  THCRC  ARC  THE  SOUNDS  OF  THC  ROTOR  AND  ENGINE  WHICH 
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VARY  WITH  ROTOR  SPEEO  AND  HENCE,  PROVIDE  HELPFUL  AURAL  CUES. 

The  2-FH-2  definitely  gives  the  illusion  or  flying  because  in  a  gross 
sense,  the  external  cues  "act  right".  The  expanoing  ano  contracting  ground 

PATTERN  l&  PERCEIVED,  THE  INTERPOSITION  OF  OBJECTS,  ANO  AT  HIGHER  ALTITUDES, 
TEXTURE  CHANGES  OCCUR  NATURALLY.  HOWEVER,  AT  LOW  ALTITUDES,  OBJECTS  BECOME 
FUZZ  I ER  AS  THEY  ARE  APPROACHED.  ALSO  BECAUSE  OF  ENGINEERING  COMPROMISES  REQUIREO 
IN  THIS  MOO CL,  WHEN  ON  THE  DECK,  THE  PILOT  FEELS  THAT  HE  IS  SITTING  TOO  HIGH  IN 

a  bowl.  This  is  especially  true  with  the  lov-altituoe  plate.  This  may  impair 

JUOGMENT  Or  ALTITUDE  ANO  HENCE,  THE  CAPABILITY  OF  THE  DEVICE  TO  TEACH  MANEUVERS 
SUCH  AS  NORMAL  APPROACHES  ANO  VERTICAL  LANDINGS. 

The  most  critical  fault  in  this  loop  seems  to  be  the  RPM  indication.  In 
THE  HTL,  the  RPM  IS  VERY  SENSITIVE.  THE  CONTINUOUS  MANIPULATIONS  OF  COLLECTIVE 
REQUIRED  ABE  CALLED  "MILKING".  A  VETERAN  INSTRUCTOR  SAYS  I  "  'MILKING'  IS  A 
PROCESS  WHEREBY  RPM  IS  BUILT  UP  BY  REDUCING  COLLECTIVE  (WITH  FULL  THROTTLE) 

THEN  INCREASING  COLLECTIVE  TO  AVOID  SETTLING  TO  THE  GROUND.  HOWEVER,  'MILKING' 

IS  USED  IN  ALL  MANEUVERS  AT  ALL  SPEEDS  ANO  ANY  ALTITUOE.  ANYTIME  THE  COLLECTIVE 
IS  DECREASED  THE  THROTTLE  MUST  ALSO  BE  DECREASED  TO  AVOIO  OVERSPEEDING  THE 

engine.  Also  when  Collective  is  increased  the  Throttle  must  be  adoeo  to  keep 

TROM  LOSING  RPM.  IT  MATTERS  NOT  IF  THE  PLANE  IS  IN  LEVEL  FLIGHT  AT  500'  OR  IS 
MAKING  A  NORMAL  APPROACH  OR  IN  A  HOVER  'MILKING'  IS  USED  TO  CONTROL  RPM  AS  WELL 
AS  REGAIN  LOST  RPM." 

* 

Once  set,  the  RPM  indication  in  the  2-FH-2  oocs  not  require  the  continuous 

ATTENTION  AND  ADJUSTMENT  OF  COLLECTIVE  AND  THROTTLE  REQUIRED  IN  THE  AIRCRAFT. 

A  number  or  instructors  saio  that  studcvts  trained  in  the  2-FH-2  have  a  tenoency, 

V 

TO  IGNORE  RPM  IN  THE  HTL  LETTING  IT  GET  DANGEROUSLY  LOW  OR  OVERSPEED.  ALSO, 

THE  UNREALISTICALLY  STABLE  RPM  INDICATION  REDUCES  THE  VALUE  OF  INSTRUCTION  IN 
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"-A0T7..C  CONTROL  SINCC  THROTTLE  ADJUSTMENTS  00  NOT  HAVE  TO  BE  MADE  TO  COMPENSATE 
rOA  COwtCCTIVC  CHANGES.  CHANGES  >N  THE  SPEED  OF  THE  ROTOR  AND  MOTOR  PROVIOE 
IZs'H  DIFFERENCES  THAT  CAN  BE  USED  AS  CUES  TO  MAINTAIN  PROPER  RPM.  The  SOl^5o  OF 
--1  *;*DR  AND  MOTOR  IN  THE  2-FH-2  ARE  RECARDEO  AS  SOMEWHAT  LIKE  THAT  IN  THE-*- 

m 

TONE  OF  THE  SOUND  CAN  BE  ADJUSTED.  SOUND  ANO  SOUND  CHANGES  ARE  NOT  REGARDED 
•-  .kj-RwCTORS  AS  ESPECIALLY  CRITICAL  IN  INITIAL  HOURS  OF  INSTRUCTION. 

;  .  j-fCT.DNAL  Control  Pedals 

~j\ aect i onal  Control  is  effected  primarily  by  'Judders".  The  extra— cockp :  t 

CA*>ON  IS  THE  POSITION  OR  SWING  OF  THE  PILOT  AND  AIRCRAFT  NOSE  ACROSS  -HE 
.•a\D**ma  OF  EARTH  ANO  SKY.  WITHIN  THE  COCKPIT,  THE  LOCUS  OF  THE  PLANE  IN  TMC 
▼4»  DIMENSION  IS  INDICATED  BY  THE  COMPASS.  A  COMPLICATING  FACTOR  IS  THE  Rr Qu I R— 
•l>«:  f OR  iSEATLY  VARYING  AMOUNTS  OF  RUOOER  WITH  POWER  CHANGES. 

f-C  SITUATION  INVOLVING  THE  COMPARATIVE  SPEEDS  OF  MOVEMENT  OF  THE  NOSE  OF 
.-t  c-iw-2  ANO  HTL-5  WITH  MOVEMENT  OF  RUDDERS  IS  NOT  ENTIRELY  CLEAR.  SOME 
,*S75wCT0»S  AND  STUDENTS  REPORT  THAT  THE  REACTION  OF  THE  2-FH-2  TO  APPLICATION 
C*  fivCSLR  IS  SLUGGISH.  THERE  IS  GENERAL  AGREEMENT  HOWEVER,  THAT  THERE  IS  NOT 
l^F'CltNT  YAW  TENDENCY  IN  THE  2-FH-2  WITH  APPLICATION  ANO  REDUCTION  OF  POWER. 

A*  INSTRUCTOR  SAYS  "TORQUE  IS  A  GREAT  PROBLEM  TO  STUOENTS  BEGINNING  HELICOPTER 
T*a  nuts.  IT  IS  VERY  IMPORTANT  THAT  THE  RESPONSE  BE  THE  SAME  IN  THE  2-FH-2  AS 

t-c  HIl-5  or  HTL-6".  Another  says  "In  groundwork  the  smallest  (power)  change 
.«  w  H7L-5  causes  a  different  torque  load”.  This  is  not  true  of  the  2-FH-2. 

Ik  The  HICH-ALTITUOE  plate  instructors  report  that  airspeco  varys  too  much 

RjCDCR  IS  USED. 

lN>SUMMARY,  INSTRUCTORS  FEEL  THAT  THE  YAW  LOOP  GOVERNED  BY  DIRECTIONAL 
;ONr*OL-PCDALS  IS  SUBJECT  TO  SCRIOUS  LACKS  OF  FIDELITY. 


Cyclic  Control 


The  Cyclic  stick  controls  the  pitch  an o  roll  of  the  aircraft  and  hence, 
its  translational  movement  in  forward  and  lateral  directions.  Extra-cockpit  i-l 
cues  are  similar  to  those  used  to  monitor  freedoms  associated  with  the  Collective 

tm  '  T..  ■ 

tUT  WITH  GREATER'  EMPHASIS  ON  THE  SPEEO  AND  ACCELERATION  OF  MOVEMENT  OF  THE  GROUNO 
SKY  “ANORAMA.  INSIDE  THE  COCKPIT  THE  MAIN  INDICATION  IS  THE  AIRSPEED.  AGAIN 
THERE  ARE  A  NUMBER  OF  COMPLAINTS. 

The  15°  LIMITS  OF  THE  2-FH-2  IN  THE  PITCH  AND  YAW  FREEDOMS  DO  NOT  ALLOW 
ENOUGH  FREEDOM  FOR  COMPLETE  INSTRUCTION  I N  TURNS  AND  AUTOROTATIONS.  THIS  IS 
EXPEC I  ALLY  TRUE  WHEN  WIND  IS  ADDED,  THE  STUDENT  LEARNS  TO  USE  "TOO  MUCH  RuOOER, 
NOT  ENOUGH  STICK".  It  IS  ALSO  CLAIMED  THAT  WITH  A  PITCH  OR  ROLL  NEAR  THE  LIMIT 
OF.  15°,  THE  2-FH-2  APPEARS  TO  BE  IN  A  45°  TO  60°  BANK.  THIS  WOULD  ENCOURAGE 
OVERCONTROL. 

The  Cyclic  Control  in  the  2-FH-2  is  much  more  sluggish  than  the  Cyclic 

IN  THE  AIRCRAFT.  UNLIKE  THE  AIRCRAFT  THERE  IS  NO  FEEDBACK  IN. THE  STICK  OF  THE 

2-FH-2. 

Another  instructor  has  these  comments  about  the  Cyclic  and  corresponding 

AIRSPEED  ANO  GROUND  SPEED  INDICATIONS  ESPECIALLY  IN  THE  HIGH-ALTITUDE  PLATE. 

"Airspeed  is  produced  only  when  the  Cyclic  is  oisplaced  forward.  When  the 

STICK  IS  REOUCEO  TO  NEUTRAL,  AIRSPEED  OROPS  TO  ZERO.  GROUND  SPEED  OOES  NOT 
INCREASE  IN  RELATION  TO  STICK  DISPLACEMENT  OR  AIRSPCEO  INCREASE.  FOR  THIS 
REASON,  FORWARD  FLIGHT  AT  ALT  I TUOCS  IS  ALMOST  INDEPENDENT  OF  A I R3PEED  RCLAT I ON- 
SHIPS". 

In  ADDITION,  THE  WIND  ErrECTS  ANO  GUSTS  ARE  NOT  REGAROEO  AS  REALISTIC.  ^ 

>  T 

"In  VERTICAL  TAKE-OFFS  THERE  is  NO  WAY  TO  TEEL  DRIFT  UNTIL  YOU  ARE  PRACTICALLY 

r  j 

OUT  OF  CONTROL". 


152 


5UMBA"V>  C0H“E,‘TS  or  instructors  and  students  indicate  ouite  serious 

CCS  or  nOEUTT  IN  COOPS  CO.ERNEO  ST  THE  Th«OTTCE-COCC  ECT,  ,E>  THE  DIRECTIONAL'- 
COR.ROL  PETALS  ANO  THE  Cycu c  Controls.  Until  these  are  corrected,  the  student! 

CELT  LEAjNS  CONTROL  ADJUSTMENTS  DISSIMILAR  TO  THESE  REQU I  RED  IN  ,„E  HEIICOPTE^ 
fpAT-CA,  THE  STUDENT  COULD  HAROLT  BE  EXPECTED  TO  LEARN  THE  CORRECT  TlNE-SHARHO 
P.OCCOURES  IN  THE  2-FH-2  AS  IT  EXISTS  NOW.  LEARNIHO  TIHE-SHARIHO  INVOLVES 
..IRC, HO  ATTEST  I ON-SHAR 1  NG  HABITS  INTO  HARMONY'  WITH  THE  TlME-SH.RlNO  DEMANDS  OP 
T.C  PLICHT  SITUATION.  THOSE  ELEMENTS  OP  PUOHT  THAT  ARE  MOST  ATTENTION  OEM.HOlNC 
S-OJLD  SE  PA  I THPULLT  REPRODUCED  IN  SIMULATORS.  IP  TMCT  ARE  NOT,  SIMULATORS  CAN 
CIVLLOP  IHCPPECTIVE  AND  OANOEROUS  TIME-SHARINO  HABITS. 

The  above  comments,  mant  op  which  come  prom  instructors  who  were  preouentlp 

IN  THE  MACHINE  AND  OPTEN  HOURS  APTERWARDS,  MAT  REFLECT  NEOATIVE  BIASES  IN 

,mMM  ‘B0U"IS-  HoUE,ER'  ,T  “UST  “E  necogn, zed  that  the  development  op  COMPEN- 
3ATDAT  SIMULATORS  THAT  PRESENT  EXTRA— COCKP I T  CUES  PLACES  ADDED  BURDENS  ON  T,| 

de.icner.  Perhaps  the  most  critical  or  these,  ir  the  simulator  „  T0  nave 

,“'UC'  15  T"e  "l”«™*T,ON  OP  THE  CORRECT  PUOHT  CHARACTERISTICS. 


153 


VIII.  CONCLUS I ONS  ANO  RECOMMENDAT I ONS 


CONCLUSIONS  V 

s  r- 

-A  six-hour  Training  Syllabus  for  the  2*FH-2  and  a  Flight  Check  consisting 

or  COMMON  HELICOPTER  MANEUVERS  WERE  DEVELOPED  TO  EVALUATE  THE  TRAINING  CAPABILITIES 

OF  THE  2»FH— 2  ENGINEERING  PROTOTYPE.  THE  TRAINING  SYLLABUS  WAS  AOM I N I  STEREO  TO 

(!£*T£CN  HTU-I  trainees  (experimental  subjects).  The  Flight  Check  was  administered 

TO  TmCSC  SUBJECTS  AND  TO  EIGHTEEN  COMPARABLE  CONTROL  SUBJECT!  WHO  HAD  NO  TRAINING 

»*  The  2-FH-2.  Major  outcomes  were  these: 

A.  Experimental  students  performed  NO  better  than  controls 
either  on  the  Flight  Check,  or  on  Training  Chit  scores 

'  for  training  periods  immediately  following  training  im 
the  2-FH-2. 

B.  The  2-FH-2  g^ve  approximately  seventy-five  percent  of 

i 

THE  INSTRUCTORS  AND  STUDENTS  UNPLEASANT  SENSATIONS  SOME¬ 
WHAT  SIMILAR  TO  MOTION  SICKNESS.  A  SUBSTANTIAL  NUMBER 
OF  SUBJECTS  REPORTED  NAUSEA,  VOMITING,  BLURRED  VISION, 

AND  OTHER  INTENSE  AND  RELATIVELY  PERSISTANT  UNPLEASANT 
SENSATIONS. 

C.  The  2-FH-2  gives  the  illusion  of  flying.  However, 

SUBJECTS  REPORT  A  NUMBER  OF  SERIOUS  LACKS  OF  FIDELITY 

» 

OF  RELATIONSHIPS  BETWEEN  CONTROL  MOVEMENTS  ANO  COCKPIT 
AMO  EXTRA-COCKPIT  01  SPLAYS.  TMCSC  DEFICIENCIES  ARE  KNOWN 
y  BY  DESIGNERS  BUT  BECAUSE  OF  TECHNICAL  PROBLEMS  ANO  LACK  ~ 

'  or  FUNDS  HAO  NOT  BEEN  CORRECTED  WHEN  THIS  STUDY  WAS 

-  a 

»  , 

CONDUCTED. 
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D*  Factors  in  C#  above  considered*  it  is  doubtful  that 

^  THE  2-FH-2  AS  CONSTITUTED  AT  THE  TIME  OF  THIS  STUDY* 

~  PROVIDED  AN  ADEQUATE  TEST  OF  THE  CONCEPT  OF  VISUAL  *, 

.  f*: 

-  FLIGHT  SIMULATION.  <£: 

There  are*  of  course*  ample  reasons  not  to  recommend  the  2**FH*2  for 
OPERATIONAL  training. 

0  scussion  and  Recommendations 

Stooy  findings  suggest  that  A  reassessment  of  effort  channeled  toward  the 
development  of  trainers  oesigneo  to  present  visual  extra-cockpit  cues  is  in 
OCOCft*  Many  factors  that  bear  consideration  are  beyond  the  scope  of  this  study 

T«E.R  IMPORTANCE  TO  PROJECTED  FUTURE  PLANS  AND  OPERATIONS  MUST  BE  DETERMINED  BY 

vjlitary  personnel.  Let  us  examine  the  concept  of  a  trainer  oesigneo  to  presen 

£  tTRA-CQCKP  I T  CUES,  AND  NOTE  ITS  ADVANTAGES  AND  POSSIBLE  USES  ASSUMING  IT  CA 
ac  implemented  as  A  FUNCTIONAL  and  reliable  harovare  item  WITH  high  transfer 
training  value.  Among  advantages  are  these: 

A.  It  allows  more  flexibility  in  training.  It  allows 

USE  OF  TECHNIQUES  OF  INSTRUCTION  IMPOSSIBLE  TO 
implement  in  aircraft.  Action  can  be  frozen  and 
critiqued.  Student  —  instructor  communications 

CAN  BE  FACILITATED. 

B.  Time  required  to  man#  warm  up  planes,  to  fly  to 

TRAINING  SECTORS  ETC.*  CAN  BE  ELIMINATED. 

C.  IT  CAN  BE  USED  TO  SIMULATE  ESPECIALLY  OANGEROUS 

ATTITUOES  ANO  MANEUVERS  THAT  CANNOT  BE  PRACTICED  1 

IN  THE  AIRCRAFT.  « 
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D.  Training  is  not  kampereo  by  climatic  conditions. 


The  value  of  trainers  presenting  extra-cockpit  cues  will  oepeno  on  their 

USEFULNESS  TO  FUTURE  OPERATIONS.  THEIR  USES  ARE  NOT  CONF I NEO  TO  ROTARY  W I  S'C 

?v 

TRAINING.  Among  possible  USES  are:  -v 

1 .  To  TRAIN  HELICOPTER  PILOTS,  WHO,  UNLIKE  THOSE 
STUDIED  HERE,  HAVE  LITTLE  OR  NO  FIXEO  WING  EXPERIENCE. 

2.  TO  TRAIN  PILOTS  IN  NUCLEAR  POWERED  AIRCRAFT  WHERE 
RADIATION  EXPOSURE  MUST  BE  MINIMIZED. 

3.  TO  TRAIN  TEST  PILOTS  PRIOR  TO  INITIAL  TEST  FLIGHTS 
IN  NEW  AIRCRAFT. 

4.  TO  PROVIDE  TRANSITION  TRAINING  IN  FIXEO  WING  AIRCRAFT. 

5.  To  train  for  especially  critical  operational  missions. 

These  advantages  ano  uses  considered,  it  is  felt  that  further  investigation 

ANO  STUDIES  SHOULD  BE  SERIOUSLY  CONSIDERED.  DEVICES  LIKE  THE  2-FH-2  ARC  NEW  IN 
CONCEPT  ANO  LIKE  THE  F»RST  PLANES,  TIME  ANO  PATIENCE  WILL  BE  RCQUIREO  TO  OEVCLOo 
MODELS  THAT  WILL  ACCOMPLISH  THEIR  » NTCNOCO  MISSIONS.  IF,  AFTER  CONSIDERATION 
OF  ALL  PERTINENT  FACTORS,  IT  IS  OECIOEO  TO  CONTINUE  CFFORT  IN  THIS  FICLO,  THE 
FOLLOWING  RECOMMENDATIONS  ARC  MAOE: 

A.  DEFINE  QUANTITATIVELY  ANO  PRECISELY  THE  LACKS  OF 

fidelity.  Determine  which  of  thcse  can  be  corrccteo^and 

WHICH  ARE  APPARENTLY  INHERENT  IN  TMC  POINT  SOURCC  PRO¬ 
JECTION  TECHNIQUE.  IT  WAS  TMC  IMPRESSION  OF  THE  WRITERS 
THAT  MANY  FIOCLITY  LACKS  THAT  ATTENUATED  THE  TRAINING 

VALUE  OF  THC  2-FH-2  CAN  BE  CORRECTED  BY  KNOWN  TECHNIQUES.  i 

*  i 

! 

;  a*  Establish  and  investigate  hypotheses  as  to  causes  qf 


MOTION  SICKNESS  BY  EXPERIMENTATION  »f  'w  VARIOUS  REDUCED 


CUES  SITUATIONS,  ETC.,  ANO  BY  COMPARISON  Of  THE 


ENGINEERING  FEATURES  Or  2-FH-2  A  NO  SICKNESS  SYMPTOMS 

^rt  ♦  * 

*  7' 

^  PRODUCED  BY  ‘l  T  WITH  PRESENCE  OR  ABSENCE  OF  SYMPTOMS  I: 

tv 

*=  »?■ 

-  ENCOUNTERED  IN  OTHER  PROJECTION  SYSTEMS. 

C.  0EVELOP  A  METHOD  OF  EVALUATING  THE  MECHANICAL  AND 

TRAINING  CAPABILITIES  OF  VARIOUS  PROJECTION  SYSTEMS 
TO  SIMULATE  ROTARY  WING  AND  FIXED  WING  FLIGHT.  THIS 
FIELD  IS  STILL  TOO  NEW  TO  SETTLE  ON  ONE  SYSTEM  OF 
PROJECTION. 

MOST  OF  THE  ABOVE  SHOULD  BE  ACCOMPLISHED  BY  A  TEAM  CONSISTING  OF  PHYSIC 
SCIENTISTS,  PERSONNEL  FAMILIAR  WITH  LEARNING  PRINCIPLES  ANO  PILOTS  WORKING  I 
-CLOSE  CONSULTATION.  THIS  WILL  HELP  TO  ASSURE  THAT  RESEARCH  HOURS  ARE  ALLOCA 
TO  DEVELOPMENT  AND  INVESTIGATION  OF  FEATURES  OF  THESE  DEVICES  THAT  ARE  MOST 
CRITICAL  TO  THE  ACCOMPLISHMENT  OF  THE  PURPOSES  FOR  WHICH  THEY  ARE  OCSIGNCD. 
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MOTION  SICKNESS  QUESTIONNAIRE  AND  RESPONSES 


Questions  and  answers  are  summarized  on  the  toclovinc 
pages •  Where  a«*«»ropri ate,  responses  arc  broken  oown  in 

TERMS  or  STUDENTS  IN  THE  HTU-I  PROGRAM,  INSTRUCTORS,  AND 
INTERESTED  PARTIES.  INTERESTED  PARTIES  ARE  SQUAORON  IN¬ 
STRUCTORS  OTHER  THAN  THOSE  WHO  INSTRUCTED  STUOENTS  IN 

THE  2-FH-2. 


•I 

* 


ft 
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MOTION  SICKNESS  IN  THE  2-FH-2 


The  following  questions  are  asked  in  order  to  gather  as  much  factual  information 

AS  POSSIBLE  ON  THE  PROBLEM  OF  MOTION  SICKNESS.  THE  0  I RECT  CONCERN,  OF  COURSE, 

IS  TO  DIAGNOSE  ITS  CAUSES  SO  THAT  IT  CAN  BE  PREVENTED  IN  THE  2-FH-2  AND  SIMILAR 
TRAI  NCRS  rTHAT  PRESENT  VISUAL  DISPLAYS.  THE  VALUE  OF  THE  INFORMATION  OBTAINED 
HERE  WILL- DEPEND  ON  HOW  ACCURATELY  YOU  CAN  RECORD  YOUR  EXPERIENCES.  ~ 

*  *7 

Cons i ocr  "each  question  and  alternative  responses  before  answering.  All  questions 

WILL  NOT  BE  APPLICABLE  TO  EVERYONE;  PLEASE  ANSWER  AS  MANY  QUESTIONS  AS  APPLY  TO 
YOUR  OWN  EXPERIENCES. 

Make  marginal  comments  to  questions  that  do  not  provioe  adequate  coverage  and/or 

WHEN  ALTERNATIVES  00  NOT  DESCRIBE  YOUR  OWN  EXPERIENCES  PROPERLY.  YOUR  COMMENTS 
ARE  ESPECIALLY  SOLICITED  ON  QUESTION  26  WHICH  REQUESTS  OPINIONS  ON  ASPECTS  OF 
SICKNESS  NOT  COVERED  IN  THE  QUESTIONNAIRE. 


FILL  IN  BELOW 


A.  Name  _ _ B.  Rank 

C.  Number  of  fixed  wing  flight  hours 

Fixed  wing  hours  Total 


0  -  250  3 

250  -  500  16 

500  -  1000  9 

1000  -  2000  2 

2000  -  3000  I 

3000  -  5000  3 


0.  Number  of  hclicoptcr  flight  hours 

Helicopter  hours  Total 


0  - 

50 

19 

50  - 

150 

0 

150  - 

300 

0 

300  - 

500 

1 

500  - 

1000 

6 

1000  - 

2000 

8 

Date 


161 


QUESTIONNAIRE  ON  MOTION  SICKNESS 


What  WAS  YOUR  INITIAL  FEELING  about  flying  the  device  just  prior  to  your 
FIRST  HOP  IN  IT?  - 

Your  objection  to  flying  it  was  -  -  >; 

*  I  Very  strong  I  Strong  5  Moderate  8.  None  20  Wanted  to*fly  i 
After  flying  the  device  a  few  times  how  did  your  feelings  about  it  change? 

You  LIKED  IT  - 

0  Much  more  JJ_  More  ^13  About  the  same  5  Less  7  Much  less 
Dio  you  fly  the  device  against  your  will? 

5  Yes  30  No 

Did  you  feel  any  tendency  to  sickness  while  flying  the  device? 

£  Consistently  4  Most  of  the  time  £  Some  of  the  time 
12  Only  occasionally  £  Never 

If  you  experienced  any  degree  of  motion  sickness,  place  a  check  in  one  column 

FOLLOWING  EACH  MANEUVER  ACCORDING  TO  THE  PART  IT  PLAYED  IN  CAUSING  SICKNESS 
OR  TENDENCY  TO  SICKNESS. 

Tendency  to  Sickness 


Strong  Considerable  Slight  None 


Hover 


Vertical  Take-off 


Vertical  Lanoing 
Turns  on  Spot 


Para.  Hdg.  Squares 


Constant  Hcaoing  Squares 
Figure  Eights 


Clearing  Turns 


Normal  Approach 
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(Table  Cont.  from  F-3) 


Very 

Stroke;  Considerable  Slight  None 


j.  Autorotations 


k.  Gliding  Tubas 


l.  OscillationB-Fore  and  Aft 


M.  05CJU.AT jons-Laterally 


6.  Do  too  THINK  this  SICKNESS  WAS  an  accumulation  effect  produced  by  several 
OF  THE  ABOVE  MANEUVERS? 

26  Yes  7  No 

If  so,  list  them  ano  explain. 


7*  VAlAT  PER  1003  AND  HOW  QUICKLY  AFTER  A  FLIGHT  STARTED  010  YOU  FIRST  NOTICE  A 
TENDENCY  TO  SICKNESS?  (l)5E  BACK  OF  PAGE  IF  MORE  SPACE  IS  NEEDED.) 

How  Soon  After  Starting  Period 

Period  No.  of  Respondents  0  -  i 0  M i  n.  1 1  -  20  Mi n.  21-30 


Min  \ 


Total 
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From  your  OWN  experience,  do  YOU  THINK  THIS  sickness  CORRELATED  WITH 

a.  Alcoholic  intake  the  night  before:  2  Yes  1  Probably  15  No 

15  No  OR  I NK I NG 

b.  Bad  colds,  stopped  nasal  passages:  2  Yes  I  Probably  I?  No 

16  No  colds 

c.  •  Any  of  your  food  or  soft  drink  intake  prior  to  flying  the  device: 

Fooo:  2  Yes  20  No;  Drink:  £  Yes  30  No 

o.  List  any  medicine  you  took  within  f2  hours  prior  to  flying  device. 

Place  a  check  beside  all  of  the  words  below  which  oescribe  how  you  felt. 
Qualify  any  checks  that  you  feel  are  not  clear. 


14 

DIZ2 INES3 

12 

headache 

5 

NERVOUSNESS 

0 

INSOMN 1  A 

4 

OROWSINESS 

0 

NIGHTMARES 

12 

BLURRED  VISION 

0 

PAINS  OR  TINGLING 

1 1 

SWEATING 

0 

OIARRHEA 

0 

DRY  MOUTH 

0 

CONSTIPATION 

3 

WEAKNESS 

0 

TROUBLE  URINATING 

5 

T 1  REDNESS 

0 

SKIN  RASH 

0 

TINNITUS  (RINGING  IN  EARS) 

6 

VOMITING 

13 

VERTIGO 

5 

OOUBLE  VISION 

18 

NAUSEA 

OTHER  (EXPLAIN) 

*  8  "butterflies”  in  stomach 
Comments: 

j 

1.  General  light  feeling  almost  like  orunk. 

2.  Eyes  were  slow  to  focu3  six  hours  after  motion  sickness. 

i 

3.  Extreme  amount  of  saliva,  slight  feeling  of  melancholy,  lightness  in 

stomach.  , 

•,\  .  { 

4.  Not  able  to  do  what  I  wanted  to  do.  * 

5.  Unable  to  focus  eyls  properly  several  hours  after  flight. 
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10.  Place  a  check  besioe  the  appropriate  words  to  show  what  have  been  sources 
of  such  sickness  for  you  in  the  past.  Qualify  any  you  check  which  you 

FEEL  ARE  NOT  CLEAR. 

SHIPS  ON  QUIET  SEA 
SHIPS  ON  ROUGH  SEA  \ 

AIRPLANES  (SMOOTH  FLIGHT) 
AIRPLANES  (ROUGH  FLIGHT) 
HELICOPTER  STUDENT 
HELICOPTER  INSTRUCTOR 

other  (explain) 

NEVER 

11.  With  what  frequency  dio  you  experience  sicknesses  caused  by  the  items 
checked  in  Question  10? 

I  Consistently 

_ l__  Most  of  the  time 

4  Some  of  the  time 

4  Infrequently 

6  Rarely 

12.  Comment  on  your  answer  to  Question  l I  -  - 


_3_ 

0 


auto 

TRAIN 


I  Small  boats 


AS  A  STUDENT  PILOT 

(fixed  wing) 

AS  A  F I XED  WING* 
INSTRUCTOR 


0 

8 

2 

5 

0 

0 

3 

12 


1.  IN  CABIN  OF  HUP  DURING  AUTO  ROTATIONS;  AT  NAVIGATION  TABLE  ANO  tail 

section  of  P4Y-2;  acrobatics  in  SNJ  (particularity  the  back  seat);  in 
aircraft  when  without  visual  rcfcrencc  to  the  horizon. 

2.  As  A  FLIGHT  STUOENT,  I *VE  BEEN  "wRUNG-OUT"  BY  INSTRUCTORS  IN  FIXED 

wing  A/C;  I've  gotten  sick  a  few  times  aboard  ship  ouring  rough 

WEATHER  AND  HCAVY  SEAS. 

3.  Happened  on  2  occasions  in  flying  experience.  Mostly  oue  (I  believe) 
to  concentration  on  a  very  small  pattern  of  instruments;  trying  too 

HARO  TO  CORRECT  SHALL  ERROR  AND  LOSING  SIGHT  OF  WHOLE  PICTURE. 


4.  *  I  CROSSED  THE 
; 10  DAYS  UNTIL 


Atlantic  in  1953  on  a  ocstroyer.  I  was  sick  for  about  : 
I  got  adjustcd  to  the  continuous  motion.  * 


5. 


i 

Only  one  time  -  the  instructor  was  tlying  and  we  were  doing  turns  oh 

THE  SPOT  -  WE  DIO  ABOUT  EIGHT  IN  A  ROW. 
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13.  Check  your  present  4ge. 

0  15  -  20 

V  10  20  -  24 

r  7  25  -  29 

&  ■■ 

~  6  30  -  34 

3  35  -  39 

0  40  plus 

14.  How  much  oo  you  weigh? 

15.  How  MUCH  did  you  weigh  when  you  experienced  most  of  the  motion 

SICKNESS?  _ 

16.  List  any  drugs  (tablets,  pills,  etc.)  which  you  have  taken  to  combat 
motion  sickness. 

Or  amah  i  ne  6  ;  Bonamine  _ !__?  Benziorine  _ 

17.  In  WHAT  quantities  were  these  drugs  taken  ano  at  what  intervals  in 
relationship  to  your  entering  the  object  causing  sickness? 

3  hours  prior  to  flight  _ 1^;  I  or  2  pills  2  ;  after  I  got  sick  _ l_ 

I  PILL  30  -  45  MINUTES  PRIOR  TO  NOP  I 

18.  What  effects  did  these  orugs  have  on  you?  (Sec  list  Question  9  for  suggestions 

19.  Do  you  have  any  personal  remedies  (non-mcoical)  for  preventing  sickness. 

List  ano/or  explain. 

1.  Forget  it,  be  optimistic. 

2.  Yes,  in  the  traincr  I  conccntrateo  on  flying  a  gqoo  mop  ano  I  seemed 

TO  FORGET  HOW  I  FCLT. 

3.  I  BELIEVE  THAT  TO  A  MICH  OCCRCC  IT  IS  A  RCSULT  OF  MENTAL  ANTICIPATION. 

I  HAVE  SEEN  AND  HEARO  MANY  PEOPLE  EXPRESS  THEIR  FEAR  OF  SEASICKNESS,  ETC., 
BEFORE  They  EXPERICNCCO  IT  ANO  WHCN  THEY  ACTUALLY  ENCOUNTERED  it  THE 
RCSULT3  WERE  BAD.  * 

4.  In  the  trainer  it  helps  to  conji  ley  shift  your  gaze.  Close  eyes  whe*< 

FEELING  TIRED.  "  ' 

5.  Visualize  the  pattern  or  flight  ano  have  organ) zco  scan  of  pancl  or  i 

COCKPIT.  .  ..  '• 

6.  None  except  trying  to  really  put~ myself  into  the  picture  ano  pretend  I 

WAS  REALLY  FLYING. 


166 


20.  Dio  you  ever  have  to  stop  a  hop  or  lesson  in  the  2-FH-2  because  or  sickness? 

9  Yes  20  No 

21.  HOW  LONG  ArTER  LEAVING  THE  2-FH-2  010  YOU  FEEL  ITS  EFFECTS? 

Student  I nstructor  Interested  Party  Total 
Lnmediate  cessation  52  29 

I  hour  5  •  -  -  5 

<  hours  12  I  4 

8  hours  I  .2  14 

12  hours  1  •  • 

Overnight  ■  I  2  2  5 

Longer  than  any  of  above  -  ~  *  ~ 

Total  14  8  6  28 

22.  Describe  any  lasting  effects  you  had.  4 

1.  Light  oizzy  feeling 

2.  Uncomfortable 

3.  Vom i teo 

4.  I  could  still  seem  to  see  the  screen  ano  feel  movement  for  about  one 
hour  after  a  hop. 

5.  Sensation  behind  eyes;  slight  nausea. 

$.  Strong  desire  to  oo  nothing  but  sleep. 

7.  I  NEVER  HAD  LASTING  EFFECTS  EXCEPT  FROM  THE  TRAINER.  I  ACTUALLY  HAD 
MORE  NAUSEA  ANO  DIZZINESS  AFTER  I  SOT  HOME  AT  NIGHT  ANO  HAD  FLOWN  THE 
TRAINER  Th**T  MORNING  THAN  SHORTLY  AFTER  THE  FLIGHT. 

3,  Sleepy,  tired,  disinterested  in  fooo,.ano  just  plain  felt  unFit  to  live 
WITH  FOR  8  TO  10  HOURS  AFTER  LIVING  THE  2-FH-2. 

NO  tv 

9.  L I GHT  HEA0INE3S  AND  SLIGHT  ME/  W. 

23.  WereVthey  different  from  the  immediate. effects? 

\  «  CV'i  If  . 


r  3  Yes 


How? 


Immcoiate  effects  wcre  sickness  ano  headaches,  lasting  effects  were  NAUSEA 


ANO  DIZZINESS. 
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24.  How  MUCH  TIME  HAVE  YOU  HAD  IN  THE  2-FH-2? 


Student  I 

NSTRUCTOR 

Interested 

Party 

Tot* 

A. 

0  - 

30  MINUTES 

- 

- 

- 

- 

- 

30  - 

60  MINUTES 

• 

1 

4 

*  - 

k 

* 

* 

1  - 

3  HOURS 

• 

- 

1 

* 

1 

4  - 

5  HOURS 

15 

2 

mm 

17 

7  - 

12  HOURS 

2 

1 

- 

3 

13  - 

20  HOURS 

1 

1 

2 

A 

20  - 

PLUS  HOURS 

_ 

3 

2 

5 

Total 

18 

8 

9 

35 

You 

WERE 

— 

* 

/ 

10 

An  instructor 

IN  2-FH-2  PROGRAM. 

18 

A  STUDENT  IN  2 

-FH-2  PROGRAM. 

5 

An  interested 

PARTY  IN  2-FH-2 

3  Other  (explain) 

26.  Discuss  any  aspects  or  sickness  you  encountered  which  you  feel  are  incomplete 

COVERED  ABOVE.  (USE  BACK  OF  PACE  1 F  NECESSARY.) 


4 

t 
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*  Kellogg,  R.  S.,  Kennedy,  R.  S.,  &  Graybiel ,  A.  Motion 
sickness  symptomatology  of  labyrinthine  defective  and  normal 
subjects  during  zero  gravity  maneuvers.  Aerospace  Medicine. - 
1965,  36  ,  315-318.  .  - K -  /, 


Libyrmthiot  defective  (L-D)  tod  normal  subjects  were  flown 
through  itro-gravity  maneuvers  and  their  motion  sickness  sympto- 
»atoiogy  observed.  The  L-D  subjects  showed  no  signs  of  motion 
sickoess,  whereas  64  per  cent  of  the  normal  subjects  developed 
symptoms.  The  absence  of  functional  labyrinthine  mechanisms 
appreciably  decreased,  and  probably  completely  eliminated  su** 
pcctibility  to  motion  sickness  during  lero-gravity  maneuvers. 


*T HE  PRIMARY  OBJECTIVE  of  this  investigation 
*  was  to  compare  the  functional  symptoms  of  two 
groups  of  subjects  during  exposure  to  the  force  environ¬ 
ment  in  a  C-131R  aircraft  flying  through  standardized 
Kcplerian  trajectories.  One  group  of  subjects  was  made 
up  of  persons  with  bilateral  labyrinthine  defects  (L-D), 
while  a  second  group  had  normal  vestibular  function 
{normal  subjects),  A  secondary  objective  was  to  com¬ 
pare  the  findings  obtained  in  this  environment  with 
those  obtained  earlier  on  some  of  the  same  subjects  ex¬ 
posed  to  standardized  acrobatics,  wave  action  at  sea/ 
Coriolis  acceleration  in  a  slowly  rotating  room  and  cen¬ 
tripetal  force  in  a  counter-rotating  room/ 

A  survey  of  the  pertinent  literature  has  not  disclosed 
any  report  dealing  with  exposure  of  L-D  subjects  to 
weightlessness.  There  are  a  few  reports  describing  their 
participation  in  other  types  of  experimental  flights  hut 
no  comment  was  made  regarding  symptoms  of  motion 
sickness.1** 

Persons  with  normal  vestibular  function  have  been 
exposed  to  weightlessness  in  a  variety  of  experiments. 
The  experiment  which  has  been  used  most  extensively 
is  the  parabolic  flight  which  produces  weightlessness 
periods  of  10  to  60  seconds,  preceded  and  followed  by 
high  positive-C  loads.  In  these  flights  subjects  were 
either  "restrained"*'*  or  Tree  floating.**  Cerathewohl1 
has  summarized  his  experience  at  the  USAF  School  of 
Aviation  Medicine  in  which  16  subjects  were  exposed  to 
a  total  of  300  parabolas,  during  which  six  of  the  subjects 
-developed  motion  sickness.  Von  Bvckh.'  summarizing 
the  experience  at  Hollomon  Air  Force  Base,  reported 
that  six  of  18  subjects  became  motion  sick  during  zero- 
gravity  flights  in  a  T-33  jet  aircraft.  Loftus*  has  sum¬ 
marized  the  extensive  experience  of  two  groups  of  sub- 


Thu  re*c*7tK,  wu  conducted  jointly  by  the  Human  Eoj:me*r* 
fc{  Division,  Bfh*vk>rtl  Sciences  Laboratory,  Aerorptoe  Medical 
Research  Laboratories,  Aexosptce  Mediail  Division,  Air  Force 
Systems  Command,  Wright-Pitte non  Air  Force  Bise,  Ohio,  end 
the  U.  $,  Neva!  School  of  Aviation  Medicine,  U.  S,  Naval  Avia¬ 
tion  Medical  Cenler-54,  Pensacola,  Florid*.  ThU  paper  h*i  bc+o 
cataloged  by  the  Aerospace  Medical  Research  Laboratories  as 
AMRL-TDR -64*47, 


„  V  * 

jects  at  Wright-Patterson  Air  Force  Base.  In  Bie  first 
group  45  persons  participated  in  zero-G  flights  and  23 
vomited  on  one  or  more  flights.  In  the  second  group  90 
persons  participated,  21  vomited  and  23  others  reported 
nausea.  Of  the  total  of  44  who  vomited  60  per  cent 
experienced  a  recurrence  of  nausea  in  the  evening  of 
the  day  they  were  motion  sick. 

Three  generalizations  may  he  drawn  from  these  ex¬ 
periences  with  parabolic  flights:  (1)  the  incidence*  of 
motion  sickness  was  greater  when  subjects  were  “free 
floating*  as  compared  with  being  “restrained,"  (2)  sus¬ 
ceptibility  to  motion  sickness  is  generally  lower  with 
increased  flight  experience  and  (3)  weightlessness  was 
not  the  only  variable  and  the  motion  sickness  produced 
may  have  been  influenced  by  the  other  flight  stresses, 
particularly  the  positive  G  s. 

More  prolonged  exposures  to  weightlessness  ha\e 
been  experienced  in  other  types  of  flights,  namely,  the 
X-15,12  the  suborbital  and  the  orbital  flights.  From  the 
information  available  only  Cosmonaut  Titov^1'*'4  experi¬ 
enced  symptoms  characteristic  of  motion  sickness.  The 
fact  that  Glenn4  reported  slight  seasickness  while  in  a 
life  raft  after  impact  points  tip  the  lack  of  transfer  from 
whatever  adaptation  to  unusual  force  environments  he 
acquired  in  flying  to  the  environment  at  sou, 

METHODS 

Subject? — The  6  L-D  subjects  tested  ranged  m  age 
from  20  to  48  years.  The  principal  clinical  findings  on 
these  subjects  are  summarized  in  Table  1.  The  tests  of 
otolith  function  revealed  sufficient  variance  to  raise  the 
question  of  residual  function  in  some  instances. 

The  19  normal  subjects  were  made  up  of  two  groups, 
student  subjects  and  regular  subjects.  The  former  con¬ 
sisted  of  nine  healthy  medical  students,  21  to  25  years 
old.  A  tenth  candidate  was  not  allowed  to  participate 
because  his  susceptibility  to  motion  sickness  under  other 
circumstances  indicated  undesirable  complications  might 
ensue.  The  regular  subjects  consisted  nf  10  enlisted 
men,  18  to  21  years  old,  who  were  assigned  to  the  Naval 
School  of  Aviation  Medicine  tor  the  express  purpose  of 
participating  in  experiments.  All  19  subjects  were  free 
of  functional  disorders,  defect  or  disease  of  the  sensory* 
organs  of  the  inner  ear  as  determined  by  history,  audio 
gram  and  the  caloric  test.  ; 

The  Force  Etxwvnment — The  force  environment  of 
the  zero-gravity  airplane  is  described  elsewhere.  A 
typical  flight  procedure,  for  convenience  termed  ; 
"maneuver,"  consisted  of  a  shallow  dive  lollowed  by  a 
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pullnp  gcm'iating  2.5  G  and  a  pushover  into  a  ballistic 
trajectory  with  approximately  10  to  12  seconds  of 
uvightks^.'css.  Recovery  involved  a  pullup  generating 
about  2.5  G.  Unless  mUTruptoiI  a  llighl  sequence  con¬ 
sisted  ol  *10  maneuvers. 

Procedure — The  subjects  were  thoroughly  briefed  re¬ 
garding  the  nature  of  the  experiment  and  were  indue* 
trinatixl  in  safety  procedures.  They  were  seated  in  air- 
Hne-Upe  seats  and  restrained  In*  scat  belts.  The  infor¬ 
mation  sought  was  obtained  with  the  aid  of  four  ques¬ 
tionnaires.  The  first  questionnaire  dealt  with  the  fitness 
of  the  subject  to  participate  and  with  his  estimate  of  bis 
concern  and  expect ed  performance  in  relation  to  others. 
The  second  questionnaire  was  vised  by  the  experimenter 
and  consisted  of  a  checkoff  list  with  rating  scales  of  the 
signs  and  symptoms  of  motion  sickness.  The  third  and 
fourth  questionnaires  were  used  to  assist  the  subject  and 
4\\p<Tim»  utcr  in  the  final  evaluation  immediately  after 
the  flight. 

RESULTS 

As  indicated  in  Tabic  II  only  two  symptoms  were 
report  it!  for  the  entire  group  of  L-D  subjects  and  these 
*\ (upturns  were  hardy  detectable.  The  L-D's  as  a  group 
wen*  essentially  symptom  free.  They  enjoyed  the  flight 
and  gripped  every  opportunity  to  fly  as  an  assistant  or 
passenger.  In  these  additional  flights  they  appeared  to 
en,  v  the  experience  of  free-floating. 

The  normal  subjects  were  ranked  in  order  of  decreas¬ 
ing  susceptibility  to  the  functional  symptoms  of  nation 


sickness.  Four  of  the  10  regular  subjects  (Tabic  III) 
were  regarded  by  the  experimenter  as  less  fit  than  nor¬ 
mal  although  they  rated  themselves  as  “fit  ~  All  except 
one  regular  subject  completed  the  series  of  40  maneu¬ 
vers.  This  subject  requested  termination  because  of 
severe  discomfort.  There  were  individual  differences 
among  the  regufar  subjects  but  these  differences  wen 
not  predictable  from  their  own  estimate  of  concern  or 
performance.  Of  particular  interest  were  the  effects  in 
the  case  of  L  whose  veratim  report  follows: 

"Immediately  after  the  fliftht  I  notivrd  no  unnrdinury  a/trr 
except  a  little  difficulty  walkinp  and  it  sliphl  nausea.  Thi> 
kt'ilcd  for  about  an  hour  after  the  llicht,  Everything  was  fine 
tmtil  late  Friday  (day  of  fiipht)  nipht.  At  approx mutely  10;45 
l  noticed  difficulty  in  widktnp  win  n  1  urttmg  ready  tr>  turn 
in.  (Since  about  B;00  1  wax  wntehint:  TV  »md  notued  rtfithinp,  i 
\V|vrw‘V'er  1  would  take  a  step.  ft**t  xumht  wvm  to  keep  fall- 
me.  When  l  lay  in  my  bed  1  Jocmvtl  to  U*  tooinp  from  side  to 
*ide.  |  know  l  xvaxn't  became  I  wa\  holding  on  to  my  bed. 
Sexual  time'  I  got  out  of  l>ed  ami  walked  to  tin*  bathroom  and 
while  in  thv  haihrtKnn  wntthl  walk  up  amt  down  weinri  if  It 
wooM  atop.  It  ntndd  tfnp  foe  a  while  anti  ^tari  up  auain.  1  xxxnl 
to  ^k-ep  ami  vvheft  1  \w»ke  up  1  felt  normal  until  approximately 
If)  xvfien  it  started  a^ani.  I  noticed  it  the  mo\t  when  I  wotikl 
come  from  one  extreme  to  the  oilier,  i.e.,  from  very  hripht  lipht 
to  a  place  of  xhade,  from  a  warm  jpate  into  a  cold  tpnee  or  x‘ice* 
versa  when  i  unhiUI  Hand  up  rapidly.  Saturday,  around  noon, 
I  went  In  town  and  it  sword  to  pet  worse.  Whrti  l  would  Jit 
dmvo  U  would  have  a  strong  efied.  This  iavied  until  that  (Satur¬ 
day)  eight,  varying  from  a  point  of  strong  effect  to  a  w*ak  one 
and  at  tir ae*  it  would  disappear  entirely.  When  pninc  to  *leep 
Saturday  night  I  felt  fine.  Sunday  framing  l  not  urd  it  very 
every  ooce  m  a  while,  then  it  *eemcd  to  clear  up  cosa- 


TABU:  *t.  FINDINGS  IN  SIX  SUBJECTS  WITH  LABYRINTHINE  DEFECTS  EXPOSED  TO  WEIGHTLESSNESS  IN  fARABOUC 

FLIGHTS 
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all. 

Careful  inquiry  revcahxl  no  explanation  for  the  symp- 
toms  in  terms  o{  medical  history  or  associated  s\’mp- 
tomalolugy,  Subsequently  this  suhjixt  participated  in  a 
series  of  flight*  in  which  he  was  exposed  to  even  longer 
periods  oi  weight levmm  without  decayed  aftereffects. 
This  incident  points  up  a  troublesome  deviation  from 
the  usual  pattern  of  vestibular  sickness. 

The  student  subjects  (Table  IV)  also  varffxl  greatly 
in  susceptibility  hut  differed  from  the  regular  group  in 
that  more  fell  at  one  extreme  or  the  other.  One  flight 
sequence  was  terminated  after  ten  maneuvers  at  the 


request  of  two  subjects.  One  of  the  two  subjects,  Q,  felt 
sick  after  one  maneuver  and  both  subjects  manifested 
symptoms  of  anxiety,  suggesting  that  the  flight  acted  in 
part  as  a  nonspecific  stressor.  Two  other  subjects  who 
were  on  the  same  flight  necessarily  failed  to  complete 
the  predetermined  number  of  maneuvers  hut  the  early 
appearance  of  pallor  and  sweating  suggested  that  they 
wore  to  he  included  among  those  who  were  qubc  sus¬ 
ceptible.  At  the  other  extreme  were  two  ‘‘irvsuscepti- 
hies"  who  showed  no  symptoms  of  motion  sickness. 

The  L-D  subjects  and  the  nine  student  subjects  had 
been  exposed  to  unusual  force  environments  other  than 
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MOTION  SICKNESS  OK  DEFECTIVE  NORMAL  SUBJECTS  DURING  ZERO  OHAVm  MANEUVERS— KKLLOCC,  F.T  AL. 
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5.  K\|*»»«rr  m  rOunln .routine  room  ( ref  til*  amrrw^  nf  angular  vrlnritv 
permit'  a\«ii«IanfC  t»4  HmmUiion  to  th:*  srmicirruLir  canal* 

parabolic*  flight.  A  listing  of  th?  student  subjects  symp¬ 
tomatology  is  given  in  Table  V.  Since  the  L-D  subjects 
showed  no  symptoms  in  any  of  the  force  environments 
these  subjects  are  not  included  in  the  table.  The  student 
subjects,  ranked  in  order  of  susceptibility  to  symptoms 
in  the  C-131  aircraft,  show  the  same  general  trend  of 
susceptibility  winch  occurred  in  the  other  force  environ¬ 
ments. 

DISCUSSION 

Subjects  with  bilateral  vestibular  defects  not  only 
failed  to  show  or  report  symptoms  of  motion  sickness  in 
parabolic  (light  but  actually  enjoyed  the  experience. 
The  likelihood  of  obtaining  similar  results  in  six  normal 
persons  with  minimal  (light  experience  is  small.  We 
assume  the  L-D  subjects  were  representative  of  labyrin¬ 
thine  defective  subjects  in  general  and  that  loss  of  vesti¬ 
bular  function  in  the  L-D  subjects  was  responsible  for 
their  lack  of  symptoms. 

‘Tlie.  incidence  of  symptoms  in  the  normal  subjects 
corresponds  cf  soly  to  the  results  reported  by  Loft  us.* 
Although  Loftus  reported  a  51  per  cent  incidence  of 
symptoms  as  compared  to  61  per  cent  in  this  study,  lie 
used  vomiting  as  the  only  indicator  of  motion  sickness. 
The  percentages  would  very  likely  have  been  in  even 
closer  agreement  if  other  symptoms  had  been  consul*  * 
ered. 

Apparently  symptoms  such  as  the  ones  Titov  expert* 
enml  in  orbital  flight  may  be  ascribed  to  vestibular 
function.  That  »  10  other  participants  in  orbital  flight 
did  not  experii  ace  symptoms  might  have  licen  due 
cither  ( 1  J  to  low  basic  susceptibility,  (2)  to  transfer  of 
adaptation  acquired  in  other  types  of  flight  or  accelera¬ 
tion  devices,  (3)  to  the  fact  that  weightlessness  is  not  a 
.strong  precipitating  factor  or  (4)  to  a  combination  of 
these.  Our  finditu's  indicate  some  persons  are  resistant 
to  motion  sickr  Sk  when  making  transitions  in  and  out 
of  the  weigMb.s  state,  whereas  the  majority  of  naive 
persons  with  a  normally  functioning  labyrinth  arc  highly 
susceptible.  Although  there  is  some  evidence  that  ex¬ 
perienced  pilots1  are  resistant  to  vestibular  sickness  in 
weight lossness,  there  is  little  actual  proof  of  transfer  of 
adaptation.  We  Ixdiovo  if  weightlessness  is  a  facto*  in 
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precipitating  symptoms  of  motion  sickness  it  is  not  a 
strong  factor. 
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PSYCHO PHYSIOLOGICAL  EFFECTS  OF  TRAINING  IN  A  FULL  VISION  SIMULATOR 


I.  INTRODUCTION 

'i.  *  .  .. 

In  response  to  a  series  .of  reports  that  pilot  trainees  had,  on  occasion,  f 
experienced  dizziness,  fatigue,  nausea,  motor  imbalance,  and  flash-back  of  £ 
visual  experiences  after  periods  of  extensive  training  in  the  Simulator  for 
Air-to~Ai r  Combat  (SAAC1,  the  Tactical  Air  Command  (TAC)  requested  the  Air 
Force  Human  Resources  Laboratory's  {AFHRLl  assistance  in  studying  these 
responses.  These  effects  were  experienced  by  students  participating  in  the 
TAC  Air  Combat  Engagement  Simulator  II  (TAC  ACES  II)  course  (F-4000Z  00  AL) 
provided  at  Luke  AFB,  AZ.  A  previous  study  of  these  responses  was  carried 
out  by  B.  Hartman,  School  of  Aerospace  Medicine  Brooks,  AFB,  Texas.  Hartman 
revealed  some  significant  psychophysiological  responses  *and  made 
recommendations  with  respect  to  platform  motion  and  training  procedures  to 
reduce  these  negative  reactions.  Reports  of  simulator  sickness  in  the  A-7 
moving  base  simulator  were  also  investigated  by  R.  Kellogg  and  were  found  to 
be  frequently  experienced  by  the  pilot  trainees.  Accordingly,  an 
experimental  program  was  instituted  to  study  these  psychophysiological 
responses  in  the  SAAC  simulator. 

II.  METHODS 

Training  Course 

The  course  of  training  for  the  TAC  ACES  consists  of  an  intensive  week  of 
air-to-air  combat  engagements  in  which  each  pilot  has  the  experience  of 
flying  against  each  member  of  the  group.  During  the  course,  each  student 
receives  approximately  12  hours  in  the  SAAC  (the  equivalent  of  approximately 
550  simulated  combat  engagements).  The  students  do  not  fly  any  airborne 
missions  during  this  program.  In  addition  to  their  time  in  the  simulator, 
the  students  rereive  approximately  25  hours  of  orientation,  briefing, 
miAti -media  training  and  engagement  debriefings.  The  training  program  was 
designed  to  provide  the  student  with  an  intensive  experience  in  the  mechanics 
of  air-to-air  combat  in  a  short  period  of  time. 
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Subjects 


The  subjects  used  in  this  study  (N=48)  were  combat  ready  F-4  pilots  who  ~ 
were  selected  for  the  advanced  simulation  training.  No  special  selection  K 
beyond  their  participation  in  the  training  program  was  used.  Table  1  shows  aJ 
breakdown  of  pilot  experience  in  flying  and  simulation. 

TABLE  1.  PILOT  EXPERIENCE  DATA 


N 

X  of  Ss 

F-4  Flying  Experience 

More  than  1 ,000  hours 

15 

31.3 

500-1000  hours 

9 

18.8 

Less  than  500  hours 

24 

50.0 

Visual  Simulator  Experience 

Prior  SAAC  training 

8 

16.7 

Other  visual  simulators 

11 

22.9 

Design 

An  individual  interview  technique  was  employed  to  gain  information  from 
each  pilot.  The  interview  took  place  on  the  afternoon  of  the  fourth  day  of 
the  five-day  training  program.  Tape  recordings  of  each  interview  were  made. 
Results  of  analysis  of  these  tapes  were  summarized  on  worksheets  and 
frequencies  of  various  types  of  responses  were  tabulated. 

Facilities 


The  simulator  used  in  this  study  was  essentially  a  two  cockpit  device, 
oriented  so  as  to  allow  one-on-one  air-to-air  combat.  The  facility 
( described^  in  detail  in  Kelly  et  al.)  has  a  full  screen  visual  display  system 
with  an  eight-channel  mosaic  of  CRTs  which  provides  a  field  of  view  +  148 
degrees  horizontally  and  +  150/-30  degrees  vertically.  The  computer 
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generated  image  Is  provided  by  a  dual  raster,  monochrome  television  system 
using  one  raster  for  the  background  (simulated  terrain  and  sky)  and  one 
raster  for  projecting  an  opposing  aircraft  image.  Using  the  two  cockpit 
comp  lex*,,  the  trainees  can  thus  engage  in  air-to-air  combat.  - 

•  .  »  i*. 

;  III.  RESULTS  £ 

The  results  show  that  a  very  high  proportion  of  these  experienced  pilots, 
exposed  to  intensive  training  in  the  SAAC,  exhibit  some  degree  of  aversive 
symptomatology.  Some  87.5%  of  the  group  described  some  forms  of  response  to 
the  simulator  which  was  considered  to  be  a  perceptible  change  from  normal 
(Table  2). 

The  most  prevalent  symptom  was  clearly  nausea,  which  was  reported  by 
79.2%  of  the  Ss.  The  range  of  severity  of  symptoms  was  from  mild  or  barely 
detectable  to  severe,  bordering  on  emesis  (vomiting).  None  of  the  subjects 
in  this  study  vomited,  but  it  should  be  pointed  out  that  in  the  Hartman  study 
cited  above,  two  cases  of  emesis  were  reported.  The  largest  proportion  of 
occurrences  of  nausea  took  place  in  the  simulator  during  the  first  1-2  days 
of  training.  There  was  a  marked  reduction  in  nausea  later  on  in  the  week. 

In  addition,  the  occurrences  of  nausea  outside  the  simulator  were’  more 
frequent  f**om  5-30  minutes  after  training  than  on-half  to  10  hours  after 
training.  It  appears  also  that  a  sleep  period  between  exposures  to  the 
simulation  greatly  reduced  or  -eliminated  symptoms  of  nausea. 

Profuse  sweating  also  occurred  in  26  of  the  Ss  (54.2%).  Of  this  group, 

22  (84.6%)  of  those  exhibiting  this  symptom)  experienced  this  condition  In 
the  cockpit.  The  other  four  Ss  experienced  this  problem  within  5-30  minutes 
after  emerging  from  the  SAAC.  In  all  cases,  the  sweating  experienced  was  far 
greater  than  normal  for  a  comparable  amount  of  work. 

Balance  problems,  like  "sea  legs"  or  motor  dyskinesia  were  next  in 
frequency,  occurring  in  60.4%  of  the  Ss.  The  highest  proportion  of  ; 

dyskinesia  occurred  not  in  the  simulator,  but  shortly  after  leaving *the  * 

Simula  tori' cockpit.  It  should  be  noted  that  14.6%  exhibited  symptoms  as  much  5- 
as  one-half  to  10  hours  later. 


TABLE  2.  VISUAL/VESTIBULAR  REACTIONS 
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The  sensation  of  spinning  or  being  rotated  In  some  orthoginal  plane  was 
experienced  by  26  f 54 . 2%)  of  the  Ss.  These  symptoms  occurred  anywhere  from 
.5-10  hours  after  training  sessions  In  the  SAAC  by  14  of  the  26  subjects 
(53.80.5- 

\  r 

Twelve  of  the  Ss  (250  reported  kinesthetic  sensations  typical,  of  various 
maneuvers  (i.e.,,roll  etc.)  after  having  completed  one  or  more  training 
sessions  In  the  SAAC.  These  reactions  were  spaced  over  a  wide  time  period 
subsequent  to  leaving  the  cockpit  and  included  some  strong  sensations  of 
flying  specific  maneuvers  which  had  been  flown  the  simulator.  These 
sensations  persisted  for  the  entire  week  of  training  for  10  of  the  12  persons 
who  experienced  them. 

Some  11  (22. 9%)  of  the  Ss  experienced  the  additional  symptoms  of  one  or 

i  / 

more  of  the  blowing:  headache*  “leans",  dizziness  (produced  by  the  Barany 

/  A. 

chain)  and  momentary  loss  of  situational  awareness. 

The  visual  perception  reactions  to  the  SAAC  training  are  summarized  in 
Table  3.  As  can  be  seen,  17  of  the  Ss  (35.4*)  reported  not  unusual  or 
otherwise  disturbing  visual-attentional  difficulties  occurring  during  the 
training  period.  Another  17  Ss  (35. 4X)  reported  noticeably  “vivid"  visual 
reactions  including  daydreams,  dreams,  and  recall  of  the  missions  with  more 
vivid  than  usual  visual  components.  Virtually  all  of  this  group  attributed 
these  reactions  to  the  highly  distinctive  visual  scene  presented  by  the 
SAAC.  However,  another  17  Ss  (34. 4X)  reported  some  degree  of  highly  vivid 
involuntary  visual  flashback  of  the  SAAC  visual  scene.  These  visual 
flashbacks  were  accompanied  in  all  cases  by  kinesthetic  sensations  ^escribed 
as  if  they  were  flying  a  climbing  roll. 

In  addition,  17  of  the  Ss  (35.4*)  reported  persistent  attentional 
difficulties,  chiefly  in  the  evenings,  during  the  training  week..  The  Ss 
generally  described  these  problems  variously  as  an  inability  to  focus  on 
written  material,  an  inability  to  concentrate  on  anything  for  more  than  3-4 
minutes,  pandering  attention,- etc.  These  problems  tended  to  be  dercribed  in 
conjunction  with  the  Ss  attempting  to  work  on  written  materials. 
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TABLE  3.  VISUAL  PERCEPTION  REACTIONS 
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Finally,  five  of  the  Ss  (10.431)  reported  periodic,  temporary  inversions 
of  their  visual  field  during  the  week.  These  would  typically  occur  in  the 
evening  while  the  Ss  were  resting,  watching  TV,  etc.  in  their  quarters.  For 
example, iOne  of  the  Ss  reported  that  while  reading  in  the  TV  lounge,  he 
momentarily  dozed  off  and  when  he  awakened,  he  had  the  perceptual  sensation 
that  the*TV  set  was  located  on  the  overhead  and  that  his  body  had  rotated 
backwards  by  90°.  Others  reported  complete  inversions  of  the  visual  field 
similar  to  those  described  by  Gra.ybiel  and  Kellogg  (1967)  while  flying  zero 
gravity  maneuvers. 

The  subjective  reponses  of  the  pilots  with  respect  to  fatigue  in  the 
simulator  as  opposed  to  the  aircraft  are  detailed  in  Table  4. 


TABLE  4.  SUBJECTIVE  RESPONSES  WITH  RESPECT  TO  FATIGUE, 
SIMULATOR  VS  AIRCRAFT 


Mental  Fatigue 


Greater  in  SAAC 

38 

79.2 

Same 

2 

5.2 

Greater  in  F-4 

8 

16.7 

teal  Fatigue 

Greater  in  SAAC 

10 

20.8 

Same 

4 

8.3 

Greater  in  F-4 

34 

70.8 

It  is  clear  that  the  simulator  flights  produce  greater  mental  fatigue  (1 
the  majority  of  cases,  79.2%)  as  compared  with  flight  in  the  aircraft, 

16. 7%.  On  the  other  hand,  physical  fatigue  is  reversed,  with  70. of  the 
pilots  experiencing  more  in  the  aircraft  than  in  the  simulator,  20. 8*. 


IV.  DISCUSSION 


It  Is  clear  from  the  interviews  with  the  F-4  pilots  that  significant 
psychophysiological  responses  to  complex  simulation  are  taking  place. 

Although; the  literature  on  motion  sickness  is  quite  voluminous  (see  Money, 

1970,  fot.  a  review),  only  a  relatively  modest  number  of  studies  have  been 
performed  specifically  on  the  subject  of  simulator  sickness  (Miller  and 
Goodson,  1960;  Barrett  and  Nelson,  1965,  1966;  Barrett  and  Thornton,  1968; 
Reason  and  Diaz,  19711.  Inasmuch  as  severe  sickness  can  be  produced  in  a 
complex  fixed  based  simulator,  it  seems  clear  that  such  sickness  is  not 

ft 

caused  solely  by  vestibular  overstimulation  from  the  gravitoenertia*!  field 
presented  to  the  pilot.  The  etology  of  simulator  sickness  appears  to  follow 
the  “sensory  conflict'*  theory  which  has  emerged  so  prominently  in  recent 
formulations  (see  Reason  and  Brand,  197,4). 

♦ 

In  the  present  study,  a  version  of  the  sensory  conflict  theory  may  be 
envoked  to  explain  the  occurrence  of  simulator  sickness.  It  is  known  from 
the  animal  work  of  Henn,  1974,  that  purely  visual  stimuli  are  capable  of 
driving  the  vestibular  nuclei  in  the  same  way  that  gravitoenertia!  forces 
drive  the  vestibuiar  system.  Thus,  when  the  pilot  is  exposed  to  complex, 
wide  screen  moving  visual  presentations,  his  vestibular  system  gives  him  the 
sensation  of  moving  in  space  (linear  and  circular  vection).  The  highly 
trained  pilot  has  developed  a  neural  program  of  expectancy  with  respect  to 
gravitoenertial  flight  patterns.  When  he  is  presented  with  maneuvers  In  the 
simulator.  In  the  absence  of  true  vestibular  input,  there  may  thus  be  a 
neural  mismatch  between  his  highly  trained  acceleration  sensing  system  and 
the  zero  input  from  the  vestibular  system,  when  there  is  no  real  motion. 

This  neural  mismatch  or  sensory  conflict  may  in  large  part  be  the  cause  of 
the  experienced  simulator  sickness. 

It  would  follow  from  the  above  discussion  that,  the  more  highly  trained 
the  pilot,  the  greater  would  be  his  vulnerability  to  simulator  sickness, 
since  his^highly  developed  percept  of  aircraft  motion  is  so  finely  tuned, 
conversely,  a  novice  pilot  would  have  less  difficulty  with  simulator  sickness  • 
since  he  has  not  yet  developed  a  neural  expectancy  of  the  motion/vislon 
complex.  This  result  seems  to  be  borne  out  by  the  preliminary  investigations 
of  1.  Kellogg  (cited  above),  in  that  the  more  experienced  A-7  pilots  tend  to 
be  more  reactive  to  simulator  sickness. 
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From  the  standpoint  of  symptomatology,  nausea  was  the  most  pfevelant, 
followed  by  dyskinesia,  profuse  sweating,  sensation  of  post  flight  spinning 
and  maneuvering  and  other  reactions  such  as  headache  and  loss  of  situational 
awareness.  These  are  all  symptoms  which  are  characteristic  of  conventional 
motion  sickness.  Therefore,,  the  sensory  conflict  theory,  which  is  generally 
accepted^as  the  underlying  cause  of  motion  sickness,  appears  to  be.  directly 
applicable  to  simulator  sickness.  Nausea,  as  experienced  in  the  simulator 
was  indistinguishable  from  nausea  produced  inflight.  A  very  interesting 
finding  was  that  a  few  of  the  pilots  who  had  never  experienced  nausea  during 
their  flying  careers,  experienced  it  for  the  first  time  in  the  simulator! 

The  implication  here  Is  that  the  simulator  produced  for  them  the  strongest 
sensory  conflict  situation  they  had  yet  encountered. 

With  respect  to  dyskinesia,  a  significantly  high  proportion  of  the 
subjects  experienced  this  difficulty.  Such  motor  imbalance  takes  place  when 
there  has  been  a  strong  sensory  conflict  or  when  there  has  been  a  sustained 
vestibular  or  kinesthetic  Input,  which  continues  to  affect  the  subject  even 
after  cessation  of  the  stimuli.  It  would  seem  that  both  of  these  conditions 
are  operative  in  the  case  of  simulator  sickness.  Since  the  occurrence  of 
this  symptom  is  In  large  part  directly  following  the  simulator  flight  and 
normdllv  of  short  duration,  it  would  appear  to  follow  a  hibituation  pattern 
similar  to  post  rotatory  after  nystagmus. 

The  visual  perceptual  responses  to  simulation  are  quite  Interesting.  It 
appears  that  the  visual  and  perhaps  the  psychomotor  system  are  driving  the 
vestibular  system  In  such  a  way  as  to  produce  quite  striking  perceptual 
illusions.  Involvement  of  the  vestibular  system  is  further  implied  in  that 
several  of  the  subjects  reported  that  while  experiencing  reactions  like  the 
inversion  illusion.  If  they  shook  their  heads,  the  illusion  would  be 
eliminated.  The  act  of  shaking  their  heads  may  be  akin  to  recaging  the 
Internal  gyros  and  putting  the  visual  perception  back  on  track.  There  must 
be  a  complex  interplay  of  cognitive,  visual,  vestibular  and  kinesthetic 
factors  in;  the  formation  and  alteration  of  these  visual  perceptions. 
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Along  this  same  line,  it  was  noted  that  from  a  visual  standpoint,  two 

functions  carried  out  during  the  training  were  stressful  to  the  pilots.  The 

first  was  the  simulator  freeze,  which  is  instantly  stopping  the  visual  scene 

movement,  and  ingress  into  the  simulator  while  the  visual  scene  was  being 

~  '  1 

presented.  The  freeze  mode  evoked  consistently  negative  conments  by  the  1 

pilots.  teF or  example,  if  the  pilot  were  in  an  active  attack  on  the  other  3 

aircraft  and  at  the  moment  of  firing  the  guns  or  releasing  the  rockets  a 

freeze  took  place,  the  pilot  felt  a  great  deal  of  dissonance  and  in*some 

cases,  spatial  disorientation.  Many  of  them  felt  that  such  freezes  were 

instrumental  in  producing  their  symptoms  of  simulator  sickness.  During 

ingress  to  the  simulator,  they  also  felt  a  sense  of  dissonance  at  being 

confronted  with  a  full  blown  active  visual  scene. 

A  high  percentage  of  the  subjects  exhibited  profuse  sweating  and  unusual 
fatigue,  which  appeared  to  be  much  greater  than  would  be  expected  from  the 
amount  of  physical  exertion  required  in  the  simulation.  The  high  cognitive 
and  motor  work  load  was  probably  the  cause,  along  with  the  sensory  conflict 
discussed  above.  The  pilots  were  clearly  aware  that  flying  the  simulator, 
which  could  not  produce  G  forces  as  were  produced  in  the  F-4,  was  not  as 
physical y  demanding  as  the  aircraft.  However,  the  massing  of  complex 
wo-k loads  produced  a  result  which  was  clearly  a  stress  response  and  resulted 
in  profuse  sweating  and  fatigue. 

V.  RECOMMENDATIONS 

It  seems  clear  that  with  the  continued  development  of  complex  wide  screen 
simulators  and  with  their  ever  expanding  role  In  flight  training,  that 
attention  to  the  problem  of  psychophysiological  responses  to  simulation 
require  more  attention.  The  dynamics  of  the  production  of  simulator  sickness 
needs  to  be  studied  in  much  more  detail,  so  as  to  develop  methodologies  of 
reducing  its  negative  effects  of  training.  The  following  are  secific  areas 
of  recommendation  which  the  authors  agree  could  reasonably  be  made  at  this 
point  in  t-ime. 
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(1)  Inform  the  Pilot  Population;  It  is  believed  that  if  the  pilot 
population  has  a  greater  awareness  of  the  potential  reactions  of  the  kind 
described  in  this  report,  they  will  be  better  equipped  to  deal  with  them  when 
they  occur.  To  this  end,  a  dissemination  of  this  information  could  be 
instituted  through  wing  level  briefings,  flight  surgeon  briefings  and  through 
the  general  pilot  literature.  A  thorough  briefing  on  this  area  is  strongly 
suggested  for  each  of  the  TAC  ACES  II  courses  given  at  Luke  AFB. 

(21  Situation  Freeze:  Since  the  simulator  freeze  has  been  identified  as 
a  strong  producer  of  symptoms,  its  judicious  use  is  recommended  in  any 
complex  simulation. 

(3)  Ingress:  Since  ingress  with  the  simulator  visual  system  turned  on 
appears  to  stress  the  pilots,  a  system  is  recommended  which  allows  the  visual 
to  go  on  only  after  the  pilot  is  In  the  simulator  and  ready  to  go. 

(41  Post  Flight  Caution:  It  is  further  recommended  that  caution  be 
exercised  when  flying  directly  after  exposure  to  complex  flight  simulation. 
Post  simulator  flight  reactions  may  interfere  with  the  ability  of  the  pilot 
to  perform  to  full  capacity. 
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(d)  Fregly,  Grayblel,’&  Smith,  1972,  Aero  Med  43 

(e)  Coward,  Kellogg,  Castore,  DSAFRL  Report  TAC  Attach,  Dec  1979 

(f)  filler  S  Coodson,  Aero  Med  1960, 

(g)  Schroder,  K  Collins,  FAA  AM  79-9,  1979 

(h)  Money,  DC1EM  Tech  Memo,  80-C-44,  1980 


1.  Training  at  the  facility,  (FASODET)  involving  the  moving  base  «Vav!a“  ?  ‘.f 
of  two  main  types  -  coupled  (to  the  tactical  trainer)  and  uncoupled,  ..bo.  t 
two-thirds  of  all  missions  are  uncoupled  (i.e.»  12*15  4  hour  hopa/vetV 
Uncoupled  flights  involve  mainly  take-offs  and  landings.  A  beneft.  o'.  2hi« 
trainer  is  that  take-offs  and  landings  can  be  more  rapidly  recycled  than  1«* 
actual  flight.  Coupled  flights  occasion  minimal  visually  displayed  iaiorn-*-** 
tion  (night  time  at  sea,  etc)  and  evoke  negligible  reports  of  illness.  Vanv 
flight  engineers  report  discomfort  during  uncoupled  missions.  '“he  symptor  • 
they  report  resemble  notion  sickness  (reference  (a)). 

2.  A  team  formed  by  three  persons  from  NTEC  and  one  each  from  McDonnell 
Douglas  and  NBDL,  convened  In  Brunswick,  10  February,  in  an  attempt  *c  a?.lev  ; 
the  aymptoms  of  motion  sickness  experienced  by  flight  engineers  in  t'-ese 
uncoupled  flights  (reference  (a)).  An  initial  evaluation  was  conducted  oi  the 
optical  louvers  originally  suggested  by  NBDL  (reference  (a),  after  which  a 
baffle  was  designed.  Test  and  evaluation  data  concerning  efficacy  of  the 
baffle  were  collected  between  11-19  Feb  by  me.  Data  collection  assistance  was 
provided  during  the  first  week  by  Lt.  Crosby  (NTEC)  and  in  the  second  week  by 
TD1  Williams  (FASO).  Evaluations  were  conducted  using  simulator  sickness 
symptomatology  reports,  (reference  (b))  postural  equilibrium  (standing  and 

walking)  acorea  (references  (c)and  (d))  and  pilot  opinion  forau. 

\ 

a 

3.  The  Important  findings  are: 

a.  Concerning  the  louver:  The  optical  geometry  of  the  simulator  la  such 
that  it  was  not  possible  to  place  the  filters  at  the  image  plane  of  the  CRT. 
Thue,  the  computer  generated  image  was  broken  up  due  to  spherical  and  chromatic 
aberratlona.  An  aptlclat  from  NTEC  (Dennis  Bvaglla)  was  provided  with  a 
•ample  of  the  material  and  will  evaluate  lt  further  and  then  communicate  those 
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finding#  tb  3M.  I  will  probably  participate  in  these  diacuasiona.  It  Is  ray 
opinion  that  when  properly  milled  and  placed  In  the  right  position  on  the  CRT, 
this  material  might  be  used  either  in  the  2F87  (#6)  presently  undergoing 
acceptance  testing  at  Singer-Link,  or  in  the  planned  updates  for  2F87  (#'s 
1,2,3  or  4),  should  those  simulators  employ  the  same  visual  display  geometry 
as  it  5  and  6. 

b.  Baffle/occluder  -  this  was  somewhat  NBDL's  design  also,  although  all 
■embers  of  the  team  (including  FAS00ET  Brunswick)  participated  in  the  installa¬ 
tion.  After  initial  fabrication,  mainly  by  McDonnell  .Douglas, .it  was  possible 
subsequently  to  install  or  remove  the  baffle  in  five  minutes.  Estimated  coat 
of  material  to r  this  fix  is  $4.50  including  the  paint.  Preliminary  evidence 
suggests  that  with  the  occluder:  (1)  motion  sickness  symptomatology  in  flight 
engineers  is  vastly  reduced  or  eliminated;  (2)  the  design  properties  of  the 
occluder  are  such  that  pilots  and  co-pilots  report  no  interference  in  viewing 
the  visual  displays  (sickness  had  not  been  a  major  problem  for  them  previously); 
and  (3)  flight  engineers  do  report  a  desire  for  a  display  of  their  own.  The 
success  of  the  present  baffle  recommends  a  consideration  of  that  option.  In 
it*  present  form,  with  the  flight  engineer’s  seat  In  the  extreme  forward 
position,  the  baffle  occludes  up  to  100Z  of  both  pilot’s  and  co-pilot's  view  ’ 
of  their  CGI.  When  the  engineer's  seat  Is  in  its  typical  position  (third 
detent),  only  10-20X  of  each  CGI  is  visible,  but  this  reduction  in  field  of 
view  appears  to  convey  good  advantages  also.  It  is  net  unreasonable  to  consider 
that  separation  to  this  extent  nay  obviate  the  binocular  rivalry  which  may  be 
occasioned  when  the  two  CGI  displays  fall  on  the  tvo  disparate  retinae  of  the 
flight  engineer.  Since  both  displays  image  objects  at  infinity,  everything  on 
both  displays  is  in  focus,  but  fall  on  different  retinal  loci  in  the  two  eyes. 
Tha  depth  distortions  whicn  may  result  from  these  displays,  particularly 
during  turning,  notions,  where  the  lack  of  concordance  between  the  two  displays 
is  most  noticeable,  nay  contribute  to  the  motion  sickness  problem  perhaps  in 
waya  similar  to  what  has  been  observed  with  visually  coupled  systems.  Binocular 
rivalry  and  depth  illusions  msy  taske  the  simulator  sickness  in  'the  2F87C 
related  more  to  problems  believed  to  occur  in  other  simulators  which  also  have 
two  separate  CGIs  (vis.,  Lamps,  S-3,  etc.)  In  addition,  the  simulator  sickness 
is  etiologlcally  different  from  the  sickness  sod  symptoms  which  are  reported 

in  point  source  projection  and  multiple  CRT  systems  (e.g.,  2E6  and  the  USAF 
slaulator  at  Williams,  reference  (e)). 

c.  Postural  disequilibrium  appears  to  be  a  significant  consequence  of 
alaulator  exposure  and  seems  not  to  have  been  reported  previously.  In  these 
present  studies,  the  following  generalizations  msy  be  communicated  further 
provided  new  experiences  do  not  contradict  the  preliminary  evidence: 

(1)  Flight  engineers  are  ataxic  immediately  after  flight  following 
no-baffle  conditions,  particularly  but  not  necessarily,  when  inertial  motion 
was  experienced  during  the  previous  four  hours;  a  difference  that  was  statis¬ 
tically  significant  (p  .04).  The  decrement  resembles  that  reported  by  persons 
with  elevated  blood  alcohol  levels,  (reference  (g)). 
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(Z">  Pilots  flying  in  left  seats  are  more  ataxic  post-flight  than 
co-pilots  flying  in  right  seat s.  The  geometry  of  the  simulator  is  such  that 
the  pilot  has  two  'Gi  displays,  one  forward  and  one  side  looking.  The  co-pilot 
has  only  the  forward  display. 

(3)  Persons  with  recent  flight  experience  (particularly  when  coupled 
with  sleep  loss)  have  revealed  baseline  postural  disequilibrium  performances 
at  or  below  ♦■he  3th  percentile  for  this  population.  Recovery  is  sometimes 
found  when  the  baseline  testing  is  performed  24  hours  later, 

(4)  Fiignta  of  one  hour  or  less  appear  to  have  no  effect  on  postural 
equilibrium. 

(5)  Flight  engineers  with  more  than  2500  hours  occasionally  exhibit 
postural  disequilibrium  baseline  scores  at  or  below  the  5th  percentile.  It  is 
well  known  that  toxic  agents  and  environmental  stresses  which  affect  the 
cochlea  also  affect  the  vestibular  apparatus  (e.g.,  noise,  hyperbaria,  stre¬ 
ptomycin  sulfate).  Most  flight  engineers  with  more  than  2500  flight  hours 
exhibit  hearing  losses.  They  may  have  vestibular  defects  too.  In  this  regard, 
reports  from  the  Canadian  simulator  (Aurora)  reveal  far  less  simulator  sickness 
than  has  been  reported  with  our  2F87C.  Important  differences  between  the  U.S. 
and  Canadian  situations  are:  (a)  their  cockpit  lighting  is  low  temperature 
white,  while  ours  is  red;  (b)  they  have  no  side  panel  CGI  for  the  first  pilot, 
and  (c)  their  flight  engineers  frequently  have  more  than  5000  flight  hours. 

It  is  felt  that  the  side  window  for  the  pilot  probably  contributes  to  his 
greater  ataxia  but  it  is  not  believed  a  factor  in  the  flight  engineer’s  sickness. 
The  cockpit  lighting  may  modify  the  adaptive  luminance  of  his  retina  such  that 
more  photoplc  than  scotopic  levels  are  available  in  the  Aurora.  The  Influence 
of  this  factor  on  overall  simulator  performance  should  be  studied.  It  is  not 
known  to  what  extent  this  factor  contributes  to  the  greater  sickness  of  pilots 

in  the  Aurora  (reference  (h))  and  greater  sickness  of  flight  engineers  in 
2F87C.  The  very  high  flight  times  in  reciprocating  engines  in' this  population 
can  be  suspected  to  result  in  some  sensory  loss  greater  than  may  be  seen  in 
persons  with  average  lower  flight  times  (vir,  flight  engineer  trainees  at  VAS 
Brunswick).  Concomitant  loss  of  auditory  and  vestibular  sensitivity  may 
convey  protection  from  simulator  sickness  as  it  has  been  shown  to  do  for  other 
forms  of  motion  sickness.  If  so,  then  it  may  be  difficult  to  estimate  the 
true  nauseogenlc  properties  of  various  simulators  unless  care  is  taken  to 
evaluate  the  positive  function  of  the  octavoootor  nervous  system  (particularly 
the  oonacouatlc  Labyrinth)  in  the  persons  on  which  the  data  are  based.* 

* 

*Thl*  factor  day  explain  why  the  present  simulator  reports  more  symptoms  in 
seemingly  less  experienced  personnel— counter  to  what  has  been  customarily 
found  in  simulator  sickness  elsewhere  (l.e.,  more  flight  hours  lead  to— more 
sickness— because  of  an  experience  x  cue  conflict  interaction  (cf.  reference  (f)) 
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It  follows  "logically  that  visual  acuity  loss  may  also  afford  some  protection  ” 
from  simulator  sickness  and  although  most  crew  members  have  6/6  corrected 
vision,  degraded  visuals  might  also  produce  fewer  problems.  This  factor  may 
also  be  important  in  explaining  why  such  a  range  of  opinions  is  available 
concerning  whether  or  to  what  extent  simulator  sickness  occurs 'la  the  2FC87. 

(6)  The  fidelity  of  the  visual  scene  either  due  to  acuity  loss  in 
operators  or  detuning  the  simulated  visual  scene  should  be  studied  for  its 
effects.  According  to  "conflict"  (or  "correlation")  theory  of  motion  (and 
simulator)  sickness,  greater  conflict  would  occur  betwen  high  fidelity  inputs 
(e.g.  visual  and  Inertial)  when  not  concordant  (spatially  or  temporally)  than 
between  low  fidelity  inputs.  An  alternative  explanation  following  the  modu¬ 
lation  transfer  function  studies  would  suggest  that  wide  field  of  view,  low 
spatial  frequency  Inputs  (e.g.,  stimulating  rods  and  peripheral  vision)  would 
be  sore  disruptive  than  small,  high  spatial  frequency  visual  displays.  These 
•  relationships  warrant  further  discussion. 

A,  Presently  dsta  are  being  collected  by  persons  in  the  PASODET  at  NAS, 

Brunswick.  Flight  engineers  are  being  tested  before  and  after  their  four  hour 

flights  on  a  non-interference  basis  with  their  training.  The  major  objective, 
is  to  determine  whether  motion  sickness  symptoms  and  ataxia  are  less  by  statis¬ 
tical  test  after  the  no-baffle  versus  baffle  condition.  When  sufficient  data 
are  available,  they  will  be  communicated  to  AIR  413  and  at  that  time,  permission 
will  be  requested  to  report  these  findings  in  a  technical  report  or  at  a 
scientific  meeting. 

5.  The  following  recommendations  are  made: 

a.  The  basic  design  of  the  occluder  should  be  adopted  as  an  ad  lib 

option  to  be  employed  at  the  discretion  of  flight  engineers  to  reduce  problems 

of  motion  sickness. 

b.  The  training  requirements  for  VFR  vs  IFR  for  flight  engineers  should 
be  reviewed  in  order  to  be  able  to  consider  the  utility  of  a  low  fidelity  mon¬ 
ochrome  CRT  for  the  flight  engineers.  The  occlusion  of  the  pilot  and -co-pilot 
visuals  with  concomitant  success  of  removing  motion  sickness  was  a  necessary 
first  step  towards  evaluating  this  option. 

e.  The  postural  disequilibrium  which  appears  to  be  occasioned  by  exposure 
to  this  environment  should  be  studied  further.  The  purpose  in  this  study  was  ! 

to  use  equilibrium  as  a  sensitive  probe  for  effects.  .  It  Is  not  known  whether  •- 

ths  postural  disturbances  observed  are  symptomatic  of  more  general  incoocdinatioa* 
(e.g.,  fine 'or  gross  motor  control)  and  whether  certain  conditions  might  not  ?' 
amplify  the  effects  (e.g.,  sleep  loss,  alcohol,  red  versus  white  light,  impover¬ 
ished  sensory  conditions).  Other  questions  include:  The  amount  of  tine  required 
for  return  to  baseline  levels?  Do  all  moving  environments  produce  like  changes? 
Do  Individual  differences  exist?  Should  particular  activities'  be  avoided? 
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7.  Enclosure  (1)  contains  a  list  of  persons  who  facilitated  the  conduct  of 
this  project.  In  particular,  TDCS  Thomson  and  TDI  Williams  provided  day-to-day 
direct  assistance  and  TDCS  McDine  and  LT  Pluto  offered  overall  help  including 
staying  after  normal  working  hours  when  required.  I  believe  that  this  project's 
success  depended  principally  on  their  cooperation  and  propose  that  this  be 
communicated  to  their  commanding  officer.  If  you  will  entertain  such  a  proposal, 
1  will  draft  what  I  feel  would  be  an  appropriate  letter  of  coamendatio; 
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l  A  few  fighter  crews  using  the  Navy's  21 C  Air  Combat  Mar.&b- 
vorir.g  Simula r. or  '  (AOS)  have  ext  ^rier.ctd  r  :y  ‘.©logical  effects 
similar  to  metier  sickness  svrvtens .  -  11  , 


A  questionnaire  was  designed  to  collrct  ire:-:  to  define  the 
incidence  ao.c  severity  of  this  '  simulator  sickness."  Che 
questionnaire  was  given  to  66  sir  crew  rer.be:*  ^  c~  an  individual 
basis.  The  sample  included  par-  tcirarra  fr-*  tt:.  F -£•  a:.d  .  -1 
squadrons  at  PAS  Oceana. 

Twenty-seven,  percent  (1?)  of  the  aircrew?  ®'--perie-,cOA'  v->;.y 
ing  degrees  of  "simulator  sickness"  during,  d./ct  after  v.«p 

2E6  Aiz*  Combed  t*. ^uv g t 3  Itvjl. £.  wOxr  %aC^  * '  *  S lx  -  v  x  f  rr 
cent  (il)  of  those  experiencing  symptoms  re*  or  ted.  persistence  r 
the  symptoms  frer.  15  minutes  uo  to  6  Incurs  !»./. t  \r  a  simulator 
session  ended.  The  data  compiled  in  this  stud.**  indicate =  t'*  *: 
susceptibility  increases  with  experience  level".  TV  h:.:.hc 
incidence  rate  occurred  among  tnese  aircrew  r«'r5':»'?  '72  .dy 
than  1500  flight  hours  (1-7  percent)  as  corn.-  ;>v*  tr  tart 
44  crftw  rr'enbez’s  with  1500  ot  "f sv <? t  .  .lCV'C 

A  recent  US  AT  study  revealed  that  8S  pare'"’?  of  ?.ir'*^-v 
who  used  the  simulator  for  air-to-air  combat  iieV.C;  a'.*t 
simulator  sickness  symptoms .  The  SA AC  differs  from  t.*t  21.  . 

the  type  of  display  used  and  the  manner  of  us ' . 

At  the  time  of  the  study,  the  Device  2ES  v*. -  *  r<-v  sit- 
installed  at  NAS  Oceana  In  November  197V  anc.  commission*'.- •*  i: 
February  1980.- 

Significant  changes  in  the  length  or  intensity  <*5  tr?i*r'  - 
in  the  2E6  ACMS  may  be  accompanied  by  correspond' .nl:  c‘-  my? 
the  occurrence  of  simulator  sickness.  Further  examination  c— 
simulator  sickness  rates  should  be  pursued  vh '  *  r.  t*. -tin:'. nr.  — 

culum  is  defined  and  modifications  to  the  simulator  ;'such  ti 
addition  of  ground  growth  cues)  are  made. 
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In  March  1980,  it  was  reported  that  a  few  Navy  personnel  were  ex¬ 
periencing  some  disorientation  or  discomfort  while  flying  the  Air 
Combat  Maneuvering  Simulator  (ACMS),  designated  Device  2E6. 
Recognizing  the  need  for  pursuing  this  matter  further,  a  study 
was  initiated  to  determine  the  extent  of  the  problem. 

This  report  describes  the  methods  and  results  of  a  preliminary 
study  undertaken  to  assess  the  rar«*  of  occurrence  and  the  (cont) 
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degree  of  severity  of  "simulator  sickness”  experienced  bv  indi¬ 
viduals  who  have  'flown'*  the  Device  256,  Air  Combat  Xaneuverin? 
Simulator.  **'  J 

Twenty-seven  percent  of  the  aircrews  from  F-4  arc  F-l-i  squadrons 
at  NAS,  Oceana,  Virginia  Beach,  Virginia  experienced  varying 
symptoms  during  and/or  after  use  of  this  simulator.  Six tv -on? 
percent  of  those . experiencing  symptoms  retorted  persistence  of 
the  symptoms  from  fifteen  minutes  to  six  hours  after  a  simulator 
session  ended.  At  the  time  of  the  study,  this  was  a  new  simulator 
installed  m  November  1 ? <? ,  therefore,  the  period  of  observation 
was  limited. 

Further  investigation  of  simulator  sickness  is  planned  when  a 
structured  curriculum,  is  incorporated  into  the  training  ore.rram. 
and  modifications  are  mace  to  the  simulator. 
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SUMMARY 

»•  ^ 
r  A  few  fighter  crews  using  the  Navy’s  2E6  Air  Combat  Maneu¬ 
vering  Siniulator  (ACMS)  have  experienced  physiological  effects 
similar  to  motion  sickness  symptoms.  ;i 

A  questionnaire  was  designed  to  collect  data  to  define  the 
incidence  and  severity  of  this  "simulator  sickness."  The 
questionnaire  was  given  to  66  aircrew  members  on  an  individual 
basis.  The  sample  included  participants  from  both  F-4  and  F-14 
squadrons  at  NAS  Oceana. 

Twenty-seven  percent  (18)  of  the  aircrews  experienced  vary¬ 
ing  degrees  of  "simulator  sickness"  during,  and/or  after  use  of 
the  2E6  Air  Combat  Maneuvering  Simulator  (ACMS) .  Sixty-one  per¬ 
cent  (11)  of  those  experiencing  symptoms  reported  persistence  of 
the  symptoms  from  15  minutes  up  to  6  hours  after  a  simulator 
session  ended.  The  data  compiled  in  this  study  indicates  that 
susceptibility  increases  with  experience  levels.  The  highest 
incidence  rate  occurred  among  those  aircrew  members  (22'  with'itcre 
than  1500  flight  hours  (47  percent)  as  compared  to  18  percent  for 
44  crew  members  with  1500  or  fewer  flight  hours. 

A  recent  USAF  study  revealed  that  88  percent  of  aircrews 
who  used  the  simulator  for  air-to-air  combat  (SAaC)  also  repcrte 
simulator  sickness  symptoms.  The  SAAC  differs  from  the  2E6  in 
the  type  of  display  used  and  Che  manner  of  use. 

At  the  time  of  the  study,  the  Device  2E6  was  a  new.  simulator, 
installed  at  NAS  Oceana  in  November  1979  and  commissioned  in 
February  1980. 

Significant  changes  in  the  length  or  intensity  of  training 
in  the  2E6  ACMS  may  be  accompanied  by  corresponding  changes  in 
the  occurrence  of  simulator  sickness .  Further  examination  of 
simulator  sickness  rates  should  be  pursued  when  a  training  curri¬ 
culum  is  defined  and  modifications  to  the  simulator  (such  as  the 
addition  of  ground  growth  cues)  are  made. 
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FOREWORD 

i.  In  March  1980/ it  was  reported  that  a  few  Navy  personnelf 
wer%  experiencing  some  unsteadiness  and  discomfort  while  flying 
the  -Air  Combat  Maneuvering  Simulator  (ACMS) ,  designated  Device 
2E6.  The  -discomforting  symptoms  described,  especially  when  not 
associated  with  real  motion,  are  usually  referred  to  as  "simula¬ 
tor  sickness’*  to  differentiate  them  from  true  motion  sickness. 

Recognizing  the  need  for  pursuing  this  matter  further,  this 
study  was  initiated  by  the  Naval  Training  Equipment  Center 
(NAVTRAEQUIPCEN)  to  determine  the  extent  of  the  problem. 

CDR  Charles  Hutchins  of  the  Naval  Air  Systems  Command  (COMNAV- 
AIRSYSCOM) (AIR  340F)  provided  financial  support  for  the  study. 

Results,  obtained  through  questionnaires  administered  to  6b 
aircrew  members  from  F-4  and  F-14  squadrons,  indicated  that  2? 
percent  (18  crew  members)  reported  varying  symptoms  and  degrees 
of  simulator  sickness.  Although  some  pilots* reported  similar 
symptoms  while  flying  aircraft,  this  study  dealt  primarily  with 
simulator  induced  problems.  However,  some  opinions  concerning 
mental  and  physical  fatigue  experienced  in  the  simulator  compared 
to  actual  aircraft  ACM  training  sorties,  were  also  solicited. 

In  an  attempt  to  compare  the  2E6  experiences  with  those  in 
a  similar  device,  the  NASA,  Langley  Research  Center,  Virginia  was 
contacted  in  reference  to  the  Differential  Maneuvering  Simulator 
(DMS)  located  at  their  facility.  Detailed  documentation  of  simu¬ 
lator  sickness  had  not  been  kept  on  this  simulator,  but  a  NASA 
representative  stated  that  out  of  600  to  800  pilots  who  have 
operated  this  device*  he  could  only  recall  two  who  experienced 
extreme  simulator  sickness.  The  effects  on  these  pilots  were  sc 
disorienting  that  they  could  not  complete  the  training  sessions. 
Unfortunately,  less  dramatic  symptoms  such  as  fatigue,  headaches, 
excessive  sweating,  and  other  minor  discomforts  were  not 
documented. 

This  brings  up  the  question  of  the  definition  of  "simulator 
sickness."  The  term  has  been  used  rather  loosely  and  has  in¬ 
cluded  symptoms  as  mild  as  sweating  or  a  slight  disorientation, 
to  more  severe  physical  reactions  including  nausea  and  vomiting. 
Between  these  extremes  are  symptoms  such  as  vertigo,  dizziness, 
and  visual,  mental,  or  general  physical  fatigue.  In  some  cases, 
the  symptoms  persist  for  several  hours  after  leaving  the  simu¬ 
lator.  In  assessing  a  simulator  for  its  adverse  effects  on  the 
trainee  population,  it  is  important  to  be  specific  about  th.-»  \ 
type'  cf  "sickness"  it  produces.  In  some  cases,  the  symptoms 
may  be  minor  and  of  a  transient  nature,  and  no  worse  than  would 
be  experienced  under  operational  flight  conditions. 

Thera  arc  several  hypotheses  that  have  been  advanced  in  an 
effort  to  explain  simulator  sickness.  It  is  probably  safe  to 
state  that  not  all  instances  of  this  phenomenon  can  be  explained 
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by  any  one  hypothesis.  One  of  the  most  favored  explanations  isr. 
that  It  is  the  result  of  conflict  of  sensory  cues;  for  example^ 
the  conflict  between  the  apparent  motion  seen  on  a  visual  display 
and  hack  of  any  corresponding  real  motion  of  the  simulator.  T- 
Another  instance  would  be  excessive  time  lag  between  the  simu-  **’ 
lator  control  system  and  the  corresponding  movement  in  the  visual 
display.  Situation  freeze  also  imposes  sensory  conflict  on  the 
pilot.  In  these  cases,  the  visual  and  proprioceptive  (bodily 
feel)  senses  are  not  in  phase.  This  imbalance  can  create  a 
perplexing  state  that  may  be  manifested  in  some  of  the  symptoms 
discussed  above. 

McDonnell  Douglas  Astronautics  was  also  contacted  to  deter¬ 
mine  the  manufacturer’s  experience  with  the  dome  simulator  type 
systems  representative  of  Device  2E6.  Although  varied  popula¬ 
tions  (e.g.  experienced  and  inexperienced  pilots,  civilian  and 
military  dignitaries,  foreign  visitors,  etc.)  operated  the 
simulator,  McDonnell  employees  could  not  recall  any  incidents  of 
simulator  sickness.  All  of  their  simulator  missions,  however, 
had  been  highly  structured  in  procedures  and  of  less  than  30 
minutes  duration  per  session. 

Another  simulator  system  with  different  characteristics  was 
also  investigated.  This  was  the  Air  Force's  simulator  for  air- 
to-air  combat  (SAAC)  which  has  produced  sickness  in  88  percent 
of  the  users.  A  direct  comparison  of  the  SAAC  data  to  that  of 
the  2E6  should  be  mace  with  reservation,  however,  since  training 
on  this  device  is  very  intensive  over  a  short  period  of  time 
(approximately  12  hours  of  actual  simulator  use  over  a  fcur-day 
period)  and  the  visual  systems  are  of  different  types  (dome  pro¬ 
jection  real  image  vs  ''pancake  window"  virtual  image  display  on 
SAAC).  This  comparison  is  useful  in  some  respects,  however, 
since  it  demonstrates  that  despite  the  high  incidence  of  discom¬ 
forting  sensations,  it  continues  to  be  used  for  training.  The 
consensus  of  Tactical  Air  Command  (TAC)  pilots  who  have  partici¬ 
pated  in  the  training  program  is  that  the  temporary  discomfort 
brought  on  by  these  symptoms  is  a  small  price  to  pay  for  the 
kind  of  combat  training  provided  by  the  device.  Another  useful 
bit  of  information  gained  from  this  simulator  corroborates  the 
adaptation  phenomenon.  Most  occurrences  of  nausea  experienced 
on  the  SAAC  took  place  during  the  first  one  or  two  days  of 
training.  There  was  a  marked  reduction  in  nausea  later  on  in 
the  week. 

There  are  two  recommendations  already  in  effect  at  the  2E6  • 
simulator  complex  that  are  designed  to  reduce  the  incidence  of  .* 
sickness.  One  is  limiting  the  time  duration  of  individual  ’ 

sessions  to  30  minutes.  The  second  is  flooding  the  simulator 
area  with  light  before  visual  system  freeze. 

With  no  detailed  training  syllabus  available  for  guidance, 
operation  of  the  Dev'ce  2E6  is  being  conducted  in  a  non  struc¬ 
tured  manner.  It  has  been  noted  that  the  length  of  individual 
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sessions  vary  and  in  some  cases  may  be  excessive.  Uninterrupted 
time^and  specific  tasks  in  the  simulator,  of  course,  are  import 
tantf_cons iterations  in  evaluating  the  severity  of  the  problem^ 
Once -a  structured  curriculum  is  adopted,  the  incident  of  simulator 
sickness  can  be  studied  further  and  perhaps  reduced  by  curriculum 
refinement  and/or  other  changes  in  use.  Therefore  the  integra¬ 
tion  of  a  comorehens ive  training  syllabus  into  the  Device  2Ho~~ 
program  is  essential*  to  the  assessment  of  simulator  sickness  in 
this  simulator. 


The  fleet  is  currently  establishing  n  Fleet  Project  Team  to 
coordinate  and  direct  efforts  related  to  all  ACM  training  objec- 
tives  and  requirements.  One  effort  will  be  directed  at  integrat-  \ 
ing  the  2F112,  2E6  and  TACTS  (Tactical  Aircrew  Combat  Training 
System)  syllabi. 


The  NAVTRAEQUIFCEN, with  contractor  support,  will  continue 
monitoring  the  occurrence  of  simulator  sickness  on  devices  2E6 
and GFl'rSDwhen  a  structured  training  program  goes  into  effect  and 
the  new  device  modi 'ications  (e.g.  ground-growth)  are  incorpo¬ 
rated  into  the  Devi  ; 2  36.  At  the  conclusion  of  this  study, 

another  report  will  be  issued  with  recommendations  for  allevia¬ 
tion  of  simulator  sickness  if  any  is  found  under  the  new  circum¬ 
stances  . 


^ JOSEPH  A.  PUIG  " 
Scientific  Officer 
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SECTION  I 

.  INTRODUCTION  £ 

Introduction  of  wide-angle  visual  simulators  into  the  £ 
operational  and  training  communities  of  military  aviation  has  ^ 
been  accompanied  by  reports  of  aircrews  experiencing  "simulator 
sickness."  U.S.  Navy  aircrews  have  reported  symptoms  such  as 
nausea,  dizziness,  headaches,  and  disoriented  feelings  while 
operating  Device  2E6 ,  Air  Combat  Maneuvering  Simulator  (ACMS). 
Reports  of  both  delayed  reactions  and  persistence  of  symptoms 
after  leaving  the  trainer  have  raised  concern  over  possible 
impact  upon  flight  safety  and  negative  training.  This  report 
details  the  methods  and  results  of  a  short-term  project  under¬ 
taken  to  assess  the  rate  of  occurrence  and  the  degree  of  severity 
of  simulator  sickness  experienced  by  individuals  who  have  flown 
the  2E6. 

The  2E6  ACMS  consists  of  two  fixed-base,  tandem  crew  cock¬ 
pits,  each  surrounded  by  a  40-fcot  dome  which  approximates  a 
360-degree  field  of  view.  Visual  scenes  are  created  by  project¬ 
ing  aircraft,  missil  2  and  earth/aky  scenes  onto  the  domes.  A 
more  detailed  description  of  the  2S6  is  provided  in  Appendix  A. 
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SECTION  II 
V  BACKGROUND 

Occurrence  of  "motion  sickness"  symptoms  In  flight 
simulators*  has  been  reported  in  various  simulators  using 
wide  angle  visual  systems  (e.g.,  Hiller  and  Good3on.  I960, 
and  Coward,  Kellogg  and  Castore,  in  preparation).  The 
concern  over  the  possible  impact  upon  flight  safety  has 
prompted  articles  dealing  with  spatial  disorientation  (e.g.. 
Porter,  1979,  and  Coward,  Kellogg  and  Castore,  1979). 
Although  the  phenomenon  has  been  known  for  years, 
identifying  the  reasons  for  "simulator  sickness"  is  a 
difficult  task.  The  causes  are  complex  and,  most  probably, 
interrelated.  While  precise  reasons  for  "simulator 
sickness"  are  not  fully  understood,  research  efforts  are 
establishing  a  knowledge  base  which  may  someday  provide  the 
design  specifications  or  procedures  necessary  to  mitigate  or 
eliminate  the  problem. 

Prior  research  efforts  have  documented  many  of  the 
types  of  "simulator  sickness"  conditions  occurring  in  the 
2E6.  Four  studies  in  particular  provide  insight  into  issues 
specific  to  the  2E6  and  contribute  to  a  better  understanding 
of  the  problem  as  a  whole.  A  brief  description  of  each 
study  follows,  including  a  short  synopsis  of  pertinent 
conclusions  as  they  relate  to  the  2E6. 


First  Study 
Puig,  1971 

Pulg  (1971)  provides  a  review  of  the  problems 
associated  with  simulator  sickness  in  a  paper  entitled  The 
Sensory  Interaction  of  Visual  and  Motion  Cues.  In  this 
"treatise,  Puig  states  that  an  "individual  senses  movements 
and  accelerations  by  means  of  his  visual  system.  He  also 
receives  and  senses  this  Information  from  within  his  own 
body  through  proprioceptive  oues  (i.e.,  through  muscles, 
Joints  and  inner  ear).  The  visual  and  proprioceptive  cues 
interact  with  each  other.  "Motion  can  be  sensed  visually 
and  proprioceptively .  Acceleration  cannot  be  sensed 
visually,  however,  until  increasing  velocity  is  noted. 
Conversely,  the  proprioceptive  sense,  though  insensitive  to 
velocity,  is  quite  sensitive  to  actfLeration."  Puig  states 
that  the  bqdy  relates  visual  and  "kinesthetic"  (feel)  and 
"vestibular"  (balance)  cues  to  interpret  combinations  of 
motion  and/or  accelerations.  When  an  individual  uses  a 
fixed-base  simulator,  his  eyes  will  sense  motions  and/or 
accelerations  from  the  moving  visual  displays,  while  his 
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proprioceptive  senses  (particularly  the  vestibular)  indicate 
that  he  is  not  moving  or  accelerating.  The  normal  sensory 
interactions  are  disrupted  and  internal  conflicts  arise 
resulting  in  feelings  of  "uneasiness"  or  "simulator 
sicknds3."  Thus,  "it  -is  net  the  visual  illusion  of  motion 
per  see;  but  the  visual  sensation  of  apparent  acceleration 
and/or* change  in  direction  that  triggers  off  the  initial 
feeling  of  discomfort." 

Puig  further  states  that  in  addition  to  sensory 
conflicts,  poor  visual  fidelity  may  also  be  a  contributing 
factor  in  simulator  sickness,  "...in  the  presence  of  a 
well-structured  visual  display,  therefore,  the  visual  mode 
will  be  the  primary  overriding  input.  With  a  poor  visual 
reference,  however,  the  motion  cues  [Vestibular  response! 
will  tend  to  take  priority.  In  situations  where  the  visual 
and  motion  inputs  are  sensed  as  being  equally  demanding, 
they  will  be  reinforcing  or  contradictory  depending  upon 
whether  the  cues  are  in  or  out  of  phase." 

Another  potential  complicating  factor  regarding 
simulator  sickness  mentioned  by  Puig  involves  a  study 
(Olive,-  1969)  which  correlated  physical  and  medical  data  of 
1,000  Naval  aviators  over  a  twenty-year  period.  The 
analysis  indicated  that  susceptibility  to  vertigo  and 
disorientation  increase  with  age. 

In  reviewing  previous  research  efforts,  Puig  reported 
ten  hypotheses  which  have  been  advanced  in  an  effort  to 
explain  simulator  sickness: 

1.  Conflict  between  the  apparent  motion  seen  on  the 
visual  display  and  lack  of  any  corresponding  real 
motion  of  the  simulator. 

2.  Optical  distortion  (both  static  and  dynamic)  in  the 
visual  display,  particularly  of  vertical  objects;  the 
synthetic  presentation  of  a  visual  scene  which  is  a 
distorted  representation  of  a  real  environment. 

3.  Poor  resolution. 

J».  Rapid  changes  in  brightness  (flicker). 

5.  Wide  field  of  view. 

6.  A  highly  structured  field  of  view  (too  much 
detail) . 

7.  A  poorly  structured  field  combined  with  peripheral 
flicker. 

8.  Excessive  lag  between  simulator  control  and 
corresponding  movement  in  the  visual  display. 

9..  High  frequency  vibrations  which  disrupt 
accommodation. 

1.0.  Projection  screen-to-observer  distance 
insufficient  for  infinity  focus  of  the  eyes,  producing 
conflict  between  actual  distance  of  the  display  and  the 
apparent  distance  of  the  screen* 
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Pulg  concludes  by  emphasizing  the  necessity  for 
considering  the  sensory  interactions  between  the  visual  and 
vestibular  apparatus  when  designing  simulators  with  visual 
displays. 

* 

Second-Study 

Hiller  and  Goodson,  I960 

Miller  and  Goodson  examined  simulator  sickness 
occurring  among  Navy  helicopter  pilots.  During  the  early 
stages  of  visual  flight  simulation  development,  the  Navy 
procured  the  2-FH-2  helicopter  simulator.  The  device  was 
built  by  Bell  Aircraft  Company  in  conjunction  with  De-Florez 
Company  of  New  York  and  installed  at  Ellyson  Field, 
Pensacola,  Florida  in  February,  1956.  Two  projectors 
provided  260  degrees  azimuth  by  75  degrees  elevation  display 
coverage.  The  upper  projector  displayed  the  sky  scene  while 
the  lower  projector  depicted  the  near  terrain,  the  far 
scenery  and  a  portion  of  the  sky.  ’  The  cockpit  was 
fixed-based.  Significant  occurrences  of  simulator  sickness 
symptoms  resulted  from  using  the  2-FH-2. 

In  an  attempt  to  identify  some  of  the  possible  causes 
of  the  simulator  sickness  symptoms.  Miller  and  Goodson 
mentioned  that  previous  researchers  suggested  the  symptoms 
were  a  result  of  internal  conflicts  resulting  from  the 
absence  of  real  motion  accompanied  by  the  presence  of  visual 
cues  designed  to  give  the  impression  of  movement.  While 
admitting  this  might  have  been  a  contributing  factor,  they 
generally  dismissed  thi3  hypothesis  as  a  major 
consideration.  They  felt  the  slight  accelerations  and 
decelerations  in  a  helicopter  were  too  imperceptible  to 
cause  symptom  onset.  They  suggested  instead  that  the 
underlying  problem  involved  conflicting  visual  cues 
resulting  from  distortions  in  the  visual  display  rather  than 
a  conflict  between  visual  and  proprioceptive  cues.  Major 
findings  included) 

1.  Sixty  percent  of  the  instructors  reported  sickness 
as  compared  to  12  percent  for  the  students. 

2.  Sometimes  the  ill  feelings  did  not  occur  until 
several  hours  after  simulator  usage. 

3.  One  instructor  had  to  get  out  of  his  car  on  his  way 
home  to  regain  his  equilibrium. 

Jj.  Some  instructors,  after  much  simulator  time,  would 
e.ijvrience  significant  discomfort  from  merely  looking 
a  .he  simulator. 

5j  Even  those  individuals  who  did  not  report  sickness 
symptoms  became  very  fatigued  after  simulator  use;  this 
condition  often  lasted  throughout  the  day. 

6.  Lag  in  the  simulator  at  times  resulted  in 
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overcontrol,  sometimes  leading  to  loss  of  control.  The 
loss  of  control  produced  a  violent  maneuver;  the  more 
violent  the  maneuver,  the  greater  the  degree  of 
simulator  sickness. 

Ty  Instructors  sitting  as  passengers  during  these 
conditions  were  more  prone  to  simulator  sickness  than 
iT  they  were  at  the  controls. 

Miller  and  Goodson  concluded  their  study  by  saying  the 
simulator  sickness  problem  became  so  serious  that  it  was  one 
of  the  chief  reasons  for  discarding  the  device  from  the 
operational  inventory. 


Third  Study 

Reason  and  Diaz,  1971 

In  Reason  and  Diaz's  study  the  effects  of  simulator 
sickness  upon  experienced  automobile  drivers  as  compared  to 
passengers  was  examined.  Reason  and  Diaz  theorized  that  the 
major  underlying  cause  of  simulator  sickness  results  from 
what  they  termed  "sensory  rearrangement."  That  is,  an 
individual  in  his  real-world  experience  learns  to 
subconsciously  associate  visual  scenes  of  motion  with  his 
proprioceptive  senses  of  corresponding  accelerations.  An 
individual  retains  these  associations  in  his  "spatial  memory 
store."  The  more  experience  a  person  has  in  these 
real-world  experiences,  the  stronger  the  association  that  is 
stored  in  his  memory.  Thus,  when  real-world  experienced 
individuals  are  placed  in  a  simulator  environment  in  which 
visual  scenes  of  motion  and  acceleration  are  depicted 
without  the  accompanying  acceleration  forces,  "unfulfilled 
expectations"  occur.  These  experienced  individuals  expect 
to  feel  acceleration  forces  in  conjunction  with  the  visual 
scenes.  When  this  does  not  occur,  internal  conflicts  arise 
which  can  initiate  onset  of  simulator  sickness  symptoms. 
Under  this  theory  a  novice  would  not  be  expected  to  be  as 
apt  to  get  sick  as  an  experienced  individual  since  the 
novice  has  not  developed  the  "spatial  memory  stores." 

Reason  and  Diaz  felt  the  Miller  and  Goodson  study 
partially  bore  out  this  theory  by  the  findings  that 
instructors  experienced  a  five  times  greater  incidence  rate 
than  their  students.  In  a  further  investigation  of  the 
"sensory  rearrangement"  theory,  Reason  and  Diaz  examined 
individuals  with  automobile  driving  and  passenger  experience 
in  an  automobile  driving  simulator  in  which  the  individuals 
viewed  a  teh-minute  driving  scene  as  passive  observers.  The 
experiment  used  a  6  x  12  foot  screen  located  six  feet  away 
from  the  subjects.  Major  findings  included: 

1.  Twenty-eight  out  of  the  31  individuals  exhibited 

some  form  of  simulator  sickness. 
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2.  Active  participation  in  the  control  of  the  vehicle 
is  not  necessary  in  order  to  induce  simulator  sickness 
symptoms. 

3.  .-Women  were  significantly  more  susceptible  to 
simulator  sickness  than  men. 

4.  JsThe  more  the  driving  and  passenger  experience  of 
individuals  the  higher  the  degree  of  simulator 
sickness.  . 

5.  Evidence  suggests  that  driver  experience  exerts  a 
more  powerful  influence  on  simulator  sickne33  than 
passenger  experience. 


Fourth  Study 

Coward,  Kellogg  and  Castore,  in  preparation 

In  a  study  conducted  on  subjects  training  ACM  in  the 
Air  Force  Simulator  for  Air-tc-Air  Combat  (SAAC),  at  Luke 
AFB,  Arizona,  Coward,  Kellogg  and  Castore  reported  a 
simulator  sickness  incidence  rate  of  88  percent  in  the 
subjects  interviewed.  The  SAAC  is  an  ACM  training  system 
that  utilizes  cathode  ray  tube  (CRT)  displays  to  provide  a 
near  3b0-degree  field  of  view  to  the  trainee.  The  six 
degree  of  freedom  motion  base  was  not  used  during  the 
training  of  the  subjects  interviewed  in  the  Coward,  at  al., 
study.  The  SAAC  consists  of  two  F-4  cockpit  trainee 
stations,  instructor  operator  stations  and  debrief  stations. 
Capabilities  inolude  simulation  of  Ivl  ACM  in  an  integrated 
mode  or  in  an  independent  mode  with  each  trainee  flying 
against  an  Instructor  controlled  or  computer  programmed 
target. 

The  SAAC  students  were  reported  to  have  high  levels  of 
operational  experience;  50  percent  had  over  500  flight  hours 
and  31  percent  had  in  excess  of  1000  flight  hours.  The  SAAC 
subjects  participated  in  one  week  of  intensive  training  and 
experienced  approximately  500  engagements  in  12  hours  of 
simulator  time.  The  most  prevalent  symptoms  reported  were 
nausea  -  79  percent;  motor  dyskinesia  -  60  percent;  and  a 
sensation  of  being  rotated  in  some  orthogonal  plane  -  51! 
percent.  Significantly,  the  study  also  reported  persistence 
of  symptoms  up  to  ten  hours  after  completion  of  simulator 
training  and  delayed  reactions  after  training,  such  as 
visual  "flashbacks"  in  as  many  as  33  percent  of  the 
subjects.  Delayed  reactions  were  also  reported  by  the 
subjects  involved  in  the  Miller  and  Coodson  study  addressed 
above. 
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.  SECTION  III 

r.‘  METHOD 

lie  conduct  of  the  study  included  the  administration  of 
a  questionnaire  presented  during  individual  interviews.  The 
questionnaire  (a  copy  is  included  as  Appendix  B)  solicited 
information  concerning  experience  levels  in  ACM  flight 
training,  experience  in  visual  simulators  and  the  type  and 
degree  of  severity  of  sickness  symptoms.  The  interviews 
were  conducted  in  squadron  spaces  away  from  the  simulator 
complex.  Each  individual  was  carefully  briefed  concerning 
confidentiality  of  any  information  which  he  provided. 

The  sample  of  subjects  was  selected  on  the  basis  of 
availability  and  experience  in  the  use  of  the  2E6  ACMS.  The 
Commanding  Of f icer3 of  the  four  squadrons  involved  were 
briefed  thoroughly  on  the  confidentiality  and  content  cf  the 
questionnaire  and  were  Included  as  subjects  in  the 
interviews.  A  total  of  66  subjects  were  interviewed.  The 
group  included  65  individuals  from  four  separate  fighter 
squadrons  and  one  test  pilot  from  the  Naval  Air  Test  Center 
(NAVAIRTESTCEN),  Patuxent  River,  Maryland.  All  subjects  were 
exposed  to  the  2E6.  through  squadron  training  programs  or  as  a 
result  of  personal  interest  in  the  device,  wish  the  exception 
of  the  NAVAIRTESTCEN  test  pilot.  The  experience  level  of  the 
subjects  ranged  from  250  to  4000  flight  hours;  ell  were  opera 
tional  fleet  aircrew  members.  The  training  they  received  con 
sisted  of  four  flight  missions  of  one  hour  duration  and  was 
generally  designed  as  a  structured  prelude  to  an  Air  Combat 
Maneuvering  program.  The  simulator  "instructor"  operator 
position  was  normally  assumed  by  a  peer,  aircrew  member,  or 
training  device  operator  (TD) . 
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SECTION  IV 

;•  RESULTS 

Thei study  indicated  that  27  percent  of  the  aircrew 
members  Interviewed  experienced  some  degree  of  simulator 
sickness  symptoms.  Table  1  provides  a  breakdown  of  the 
subjects  according  to  aircrew  designation,  types  of  aircraft 
flown  and  extent  and  related  numbers  of  symptoms 
experienced.  Of  the  total  subjects  interviewed,  39  were 
Pilots  and  27  were  Radar  Intercept  Officers  (RI03).  The 
flying  experience  of  the  subjects  and  the  rate  of  occurrence 
is  presented  in  Figure  1.  The  highest  incidence  rate  of 
simulator  sickness  occurred  among  those  aircrew  members  (22) 
with  more  than  1500  flight  hours  In  which  H7  percent  of  the 
subjects  reported  some  degree  of  symptoms  (Figure  2). 
Forty-four  aircrew  members  had  1 500  or  fewer  flight  hours 
with  18  percent  reporting  sickness  symptoms.  (Note:  As 
flight  hours  increase,  N  decreases  and  reliability 
decreases.)  The  rate  and  type  of  symptom  occurrence  is 
reported  in  Appendix  C. 

The  severity  of  symptoms  ranged  from  mild  to  severe. 

In  several  cases  subjects  terminated  the  training  sessions 
because  of  the  severity  of  sickness  onset.  None  of  the 
subjects  reported  emesis,  but  several  reported  loss  of 
appetite  until  after  a  sleep  period;  in  each  of  these  cases, 
the  symptoms  subsided  completely  after  a  night’s  rest.  The 
most  common  symptom  reported  was  dizziness  which  occurred  in 
17  percent  of  the  subjects  interviewed  (Figure  2);  vertigo 
and  disorientation  were  reported  by  11  percent  of  the 
subjects;  "leans'*  and  nausea  were  noted  by  nine  percent. 

Although  each  subject  was  asked  if  he  experienced 
"flashbacks'*  or  "visual  replays",  no  occurrences  were 
reported  among  the  66  aircrew  members  interviewed.  Subject 
number  7  (Appendix  C)  is  an  Air  Force  exchange  pilot  flying 
with  the  Navy  who  is  a  graduate  of  the  USAF  SAAC  training 
program.  During  his  SAAC  training  he  experienced  visual 
"flashbacks"  but  did  not  experience  these  symptoms  when 
training  in  the  2E6.  The  subject  reported,  during  the 
course  of  his  SAAC  training,  "seeing  the  checkerboard 
pattern  of  the  SAAC  background  display  painted  on  the  inside 
of  my  eyelids"  when  lying  down  to  sleep.  The  symptoms 
terminated  after  the  last  day  of  flying  in  the  SAAC  and  did 
not  recur.  (These  reported  simulator  sickness  symptoms  are 
consistent  with  findings  from  Coward,  Kellogg  and  Castore; 
discussed  in  Section  II.)  Subject  number  7  stated  the  SAAC 
CRT  display  was  much  harder  on  the  eyes  than  the  2E6 
display.  He  experienced  no  simulator  sickness  symptoms 
during  his  six  hours  of  2E6  use. 
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TABLE  1.  DATA  SUMMARY 

Sixty-five  total  individuals  interviewed  from  four  fighter  squadrons  plus 
one  NAVAIRTESTCEN  test  pilot. 


Number  of  Aircrew  Members  Interviewed 
and  Reporting  Sickness  Symptoms 


Aircrew  Number  Number  Reporting  Percentage 

Position  Interviewed  Sickness  Symptoms  Reporting  Sickness  Category 


Pilots 

21 

9 

42. 9X 

RIOs 

16 

3 

18.85 

r 

mmm 

18 

5 

27,85 

F-14 

ESgM 

11 

1 

9. IS 

Pilots 

39 

14 

35. 9%  1 

TOTAL 

RIOs 

27 

4 

14.85 

Total  number  of  *lrcrett  ««4>ers  questioned 
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Mental  fatigue  .was  reported  as  1 _i.ng  the  same.,  greater  or 
less  than  actual  ACM  flight  training  by  equal  numbers  of  the 
subjects.  However,  as  reported  in  Table  2,  83  percent  of  the  “ 
subjects  interviewed  reported  physical  fatigue  as  being  equal  tor 
that  experienced  in  the"  air  curing  ACM  training.  All  but  "three  1 
percent  of  the  subjects  interviewed  reported  perspiring  less  or 3T 
much  less  than  in  actual  flight,  the  exception  being  profuse 
sweating  accompanied  by  nausea  for  seme  of  those  individuals 
experiencing  simulator  sickness. 

There  were  some  unique  symptoms  reported.  These  were  ’’eye¬ 
ball  jitter,”  tired  feeling,  loss  of  depth  perception,  knees 
weak,  and  fullness  of  the  stomach.  One  aviator  reporting  "eye¬ 
ball  jitter"  had  participated  in  tests  to  examine  the  cau.vs  of 
this  phenomenon  in  centrifuge  experiments.  The  occurrence  of 
this  unique  symptom  may  demc-'o trate  a  preconditioned  body  response 
which  was  transferred  from  one  centrifuge  to  the  fixed-base 
simulator. 


Only  two  subject '  reported  delayed  reactions  in  which  symptom 
onset  occurred  after  Leaving  the  trainer.  However,  61  percent  of 
those  experiencing  symptoms  reported  persistence  of  the  symptoms 
from  15  minutes  up  to  six  hours. 


Another  subject  of  special  interest,  due  to  his  intensive 
exposure  to  the  2E6,  is  reported  individually  (subject  number  II). 
He"  is  a  test  pilot  with  3400  hours  of  flight  time,  conducting 
tests  on  the  "simulated  aircraft  models  utilized,  in  the  .  .  His 


experience  in  the  2E6  consisted  of  four  hours  per  day  for  five 
consecutive  days.  Kis  symptoms  were  described  as  severe,  with^ 
nausea  bordering  on  emesis,  and  persisting  until  after  a  night’s 
sleep.  The  symptoms  were  most  severe  after  the  second  day's 
training  and  dissipated  over  the  next  three  days.  He  attributed 
the  lessening  of  symptom  severity  to  breaking  his  mission  into 
30  to  45  minute  periods  with  30  minute  breaks  ar.c  becoming  famil¬ 
iar  with  the  visual  system.  At  the  end  of  the  fifth  cay.  the. 
subject  reported  mild  disorienting  feelings  that  persisted  until 
bed  time.  Specifically,  the  subject  stated  he  would  not  fly  on 
a  day  in  which  he  participated  in  r*  2E5  training  period.  This 
experience  relates  closely  to  findings  by  Coward  et  ai.,  dealing 
with  intensity  and  length  of  training. 


Possible  Simulator  Sickness  Causes 

The  "reset"^  function  was  reported  by  33  percent  of  the 
subjects  experiencing  symptoms  as  being  tne  most  probable 
cause ;of  symptom  onset.  Performing  loops 


and  nose  high 


^■"Reset”  -  the  freezing  of  the  simulator  visual  display 
and  returning  to  a  new  set  of  initial  conditions. 
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TABLE  2.  INTERVIEWEE  OPINIONS  CONCERNING  RESULTING 
2E6  MENTAL  AND  PHYSICAL  FATIGUE 


Mental  Fatigue  In  Relationship  to  Actual  Aircraft  ACM  Training  Sorties 


Greater  in  2E6 

33.3% 

Same  in  2E6 

33.3% 

Less  in  2E6 

33.3% 

Physical  Fatigue  in  Relationship  to  Actual  Aircraft  ACM  Training  Sorties 


Greater  in  2E6 
Same  in  2E6 
Less  in  2E6 


11.  IS 
83. 4% 
5.5% 
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attitudes  without  visual  altitude  references  was  reported 
by  an  additional  44  percent  as  being  a  contributing 
factor  to  the  onset  of  symptoms.  The  twilight  environment 
of  the  display  was  also  reported  to  be  disturbing  by 
20  percent  of  the  subjects. 


( 


NAVTPAF.yj 2 PCEN  80-C- 0135-45 00-1 


.  U'Jlt  V 

•s  *  CfM*C?  OT^V 
w  *  O  v  ’«  O  O  aV>«V 


DIFFERENCES  AXCNO  ?Eb  USE?. 

Flight  experience,  ?.i 
type  cf  aircraft  all  revea 
simulator  sickness*  spscepp 


GROUPS 

rcrev  position  (fchctlcr.* 
led  certain  relaticrrhios 
ibility . 


Dr/ 


Flight  Experience 

The  hyoothesis  advanced  by  Killer  and  Ooodsor  '1ST?), 
that  ►  vp?r:.*.»r»oed  aviators  are  more  susceptible  tc  a.‘.r.vls.tcr 
sickness  than  their  less  experienced  counterparts  is 
supported  by  the  results  of  the  present  study.  Aviators 
with  score  than  1500  hours  of  flying  experiercn  run tairec  a 
symptom  occurrence  rate  of  50  percent,  while  avia  err  with 
1500  hours  or  less  sustained  a  symptom  occurrence  rate  of  2U 
percer*;.  The  significant  disparity  between  the  two  groups 
may  indicate  a  greater  degree  of  conflict  between  visual  and 
proprioceptive  senses  because  of  increased  preconditioning 
gained  through  airborne  experience.  Physiological  body 
changes  resulting  from  physical  aging  may  also  be  a 
contributing  factor  to  this  phenomenon,  since  those  with 
more  flight  hours  naturally  tend  to  fall  into  older  age 
groups  (Puig,  1971). 


Aircrew  Position  (Function) 

More  pilots  (36  percent)  reported  simulator  sickness 
symptoms  than  RIOs  (15  percent).  These  findings  support 
Reason  and  Diaz's  (1971)  observations  from  an  automobile 
driving  experiment  which  indicated  those  with  driving 
experience tmight  be  more  susceptible  to  simulator  sickness 
than  those'with  only  passenger  experience.  Two  hypotheses 
may  account  for  these  differences: 

1.  Internal  body  conflicts  arise  between  the  visual 
scenes  and  the  "G"  force  and  acceleration  cues. 

Pilots,  particularly  in  tactical  aviation,  learn  to 
rely  heavily  upon  "flying  by  the  seat  of  the  pants"  to 
perform  their  mission.  This  requirement  stems  from  the 
necessity  to  focus  nearly  100  percent  of  the  visual 
attention  span  outside  the  cockpit  in  order  to  maneuver  the 
aircraft-  to  the  "piece"  of  the  sky  which  will  accomplish  the 
desired  tactical  objectives.  During  critical  flight 
regions,  slow  airspeed  or  nose  high  maneuvers,  ohanges  in 
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"G"  forces  and  accelerations  serve  to  warn  the  pilot  to 
momentarily  focus  his  attention  "inside"  the  cockpit  and 
concentrate  on  controlling  the  aircraft  to  avoid 
out-of-control  flight  conditions.  Thus,  pilots  are 
preconditioned  to  react  to  "G"  forces  and  acceleration  cues 
received  through  their  "feel"  senses.  Since  the  "G"  force 
and  acceleration  cues  received  by  the  "feel"  senses  do  not 
correspond  with  the  visual  scene  represented  in  the  2E6, 
conflicts  may  arise  when  pilots  see  visual  scenes  which 
initiate  anticipatory  signals  from  these  senses.  The 
conflict  between  feel  and  the  visual  scene  may  be  greater  in 
experienced  individuals.  Because  of  the  increased 
conditioning  of  the  "feel"  senses  in  these  individuals,  the 
degree  of  uneasiness  or  "simulator  sickness"  may  increase. 
This  hypothesis  is  further  supported  by  the  fact  that  44 
percent  of  the  aircrews  reported  loops  and  nose  high 
attitudes  as  a  contributing  factor  to  the  onset  of  simulator 
sickness  symptoms.  During  vertical  maneuvers,  the  airspeed 
tends  to  decay  rapidly  which  requires  sensitivity  to  subtle 
"G"  force  and  acceleration  cues  to  recognize .when  to  focus 
one's  attention  inside  the  cockpit.  It  follows  that  absence 
of  these  cues  in  these  situations  might  Induce  feelings  of 
anxiety  and  contribute  to  conflicts  between  the  visual  scene 
presentations  and  the  interaction  of  the  internal  "feel" 
senses  of  the  aircrews,  thus,  inducing  simulator  sickness 
symptoms. 

2.  RIO  and  pilot  training  differences  tend  to  make  RIOs 
less  susceptible  and  pilots  more  susceptible  to  simulator 
sickness. 

Another  contributing  factor  to  the  low  number  of 
simulator  sickness  reports  for  the  RIOs  may  be  their  type  of 
training  background.  During  the  undergraduate  portions  of 
the  RIO  training  pipeline,  they  are  tasked  with  conducting 
intercepts  in  the  back  of  a  T-39  aircraft  with  no  access  to 
windows  for  relating  aircraft  maneuvers  to  visual  scenes. 

It  has  been  reported'  within  the  community  that  this 
operating  environment  is  very  conducive  to  air  sickness  and 
individuals  are  "washed  out"  of  training  in  this  phase  if 
they  cannot  overcome  the  negative  effects  of  these  symptoms. 
The  remaining  individuals  have  been  conditioned  to  "deny" 
the  oonfliet  between  the  visual  senses  and  the  sensations 
created  by  "G"  forces  and  accelerations  in  the  performance 
of  their  missions.  This  is  Just  the  opposite  of  pilot 
training  which  requires  developing  increased  sensitivity  to 
the  RG"  forces  and  accelerations  to  perform  their  prescribed 
role. 


The  above  discussions  must  remain  hypotheses  since 
there  are  oonfounding  sources  in  the  data.  For  example,  in 
the  "real  world"  and  in  the  simulator,  a  RIO  must  perform  a 
different  type  of  visual  timesharing  task  than  does  a  pilot. 
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This  alto  could  account  for  tne  differences  between 
pilot  sickness  rates. 


Aircraft  Type  * 

The  data  indicates  that  F-*»  aviators  got  sick  more 
often  than  F-14  aviators.  Forty-three  percent  of  the  F-4 
pilots  experienced  symptoms  while  only  28  percent  of  the 
F-m  pilots  reported  sickness  symptoms.  This  result  may  be 
related  to  differences  in  aircraft  flight  characteristics  or 
to  varied  training  approaches. 

It  should  also  be  noted  that  many  potentially 
confounding  factors  nay  have  influenced  these  preliminary 
findings;  For  example,  F-". ^  aircrews  had  net  ured  th«  225 
in  over  90  days  at  the  time  of  the  interviews  while  the  ?-£ 
aircrews  had  utilized  the  2E6  within  30  days  of  the  conduct 
of  the  interviews;  therefore,  memory  decay  could  hav* 
resulted  in  fewer  reported  cases  of  F-1-  aircrew  rickres.e. 
Also,  other  factors  such  as  age,  which  nii-ht  affect  results, 
were  not  analyzed.  Further  analysis  is  required  before  firm 
conclusions  can  be  drawn. 


DIFFERENCES  BETWEEN  THE  2E6  AND  SAAC 

This  preliminary  effort  revealed  that  fewer  individuals 
are  reporting  simulator  sickness  in  the  2E6  than  in  the  Ai" 
Force  SAAC.  Simulator  sickness  occurred  in  27  percent  ef 
2E6  subjects  and  their  symptoms  appeared  less  severe  than 
the  88  percent  sickness  rate  reported  in  the  SAAC  (Coward, 
Kellogg  and  Castore,  in  preparation) .  Differences  in 
utilization  of  the  simulators,  fidelity,  degree  of 
realism/capability  and  visual  display  hardware  make  it 
impossible  to  precisely  determine  why  these  differences  are 
occurring  at  the  present  time.  However,  a  preliminary 
cross-comparison  of  these  differences  may  provide  seme 
insight  into  the  problem. 


Manner  of  Use 

The  subjects  experiencing  simulator  sickness  in  the 
SAAC  were  generally  exposed  to  the  simulator  through  a 
well-defined,  intensive  syllabus  and  experienced  more  hou-s 
of  training  in  a  more  compressed  period  of  tine.  The 
greatest  number  of  2E6  subjects,  nearly  50  percent,  had  five 
or  less  total  hours  of  simulator  time,  taken  in  one  hour 
time  blocks  in  a  five  to  ten  day  period.  In  comparison,  the 
SAAC  subjects  received  12  hours  of  simulator  time  in  a  five 
day  period.  Additionally,  the  SAAC  subjects  experienced 
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their  training  in  a  concentrated,  structured  environment, 
while  the  2 E6  subjects  trained  in  a  more  conventional 
setting.  These  differences  in  the  training  programs  might 
account  for  some  of  the  disparity  between  the  2E6  and  SAAC 
in  the  percentages  of  aircrews  reporting  simulator  sickness. 

t: 

Only  one  of  the  2E6  aircrew  members  interviewed 
experienced  the ' intensity  of  simulator  usage  which  the  SAAC 
aircrews  experienced  (Subject  19*  Appendix  C). 

Significantly,  he  was  the  only  subject  interviewed  whose 
symptoms  persisted  until  after  a  full  night  of  rest.  He 
also  experienced  the  greatest  variety  of  symptoms  and  the 
most  severe  episodes  of  nausea. 


Fidelity 

Miller  and  Goodson  (I960)  reported  the  low  fidelity  of 
the  visual  display  in  the  2-FK-2,  specifically  the 
distortion  apparent  in  the  visual  scene,  as  a  primary 
contributor  to  the  onset  of  symptoms.  The  2E6  display, 
however,  while  having  a  low  degree  of  structure  in  the  field 
of  view,  has  very  little  distortion.  It  is  felt  that  low 
structure  in  the  field  of  view  does  not  induce  significant 
occurrences  of  symptoms.  However,  low  light  levels,  flicker 
and  a  nondescript  background  may  play  a  limited  role  in 
initiating  simulator  sickness  onset. 


Realism/Capability 

The  "ground  growth"  and  "progression"  features  of  the 
SAAC  (not  currently  installed  in  the  2E6)  enhance  the 
realism  by  providing  visual  cues  representing  changing 
altitude  and  velocity.  While  these  features  are  highly 
desirable  for  ACM  training,  they  may  provide  the  trainee 
with  a  greater  degree  of  conflict  between  the  missing 
proprioceptive  cues  and  the  enhanced  visual  motion  cues.  It 
is  possible,  that  if  these  features  were  to  be  incorporated 
in  the  2E6,  some  increase  in  the  incidence  rate  of  simulator 
sickness  may  occur. 


Visual  Display  Hardware 

Differences  in  visual  display  hardware  appear  to 
account  for  variations  in  symptoms,  also.  The  2E6  projects 
model  images  onto  a  domed  screen  20  feet  from  the  aircrews. 
Aircrews  observe  indirect  image  displays  reflected  from  the 
dome  screen.  The  SAAC  on  the  other  hand,  surrounds  the 
aircrews  with  large  CRT  displays  located  three  to  four  feet 
away  from  the  aircrews.  SAAC  aircrews  view  direct  light  CRT 
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colliTaated  a:  infinity.  Interestingly,  one-third  oi  rhe 
SAAC-. aircrew  members  from  Coward’s  study  (in  preparation)  rc-  ~ 
ported  instances  of  involuntary  "flashbacks'  •  or  n.fter  image?’** 
following  S.hAC  training  sessions.  But,  out  of  66  1ES  u”ers  irVt er 
viewfd,  no  instances  of  flashbacks  were  reported.  .  V 


Numerous  crossing  at 
shots"  were  practiced  on 
studies  at  the  Massachuse 
eral  viewing ,  this  is  an 
uatlng  the  occurrence  of 


tacks,  referred  to  as  "high- an;, 
the  SAAC.  Considering  Young*.; 
tts  Institute  of  technology  on 
important  point  to  consicer  tr. 
simulator  sickness  in  the  SAAC 


(IS  77) 


oerirh- 

tval- 


The  Advanced  Simulator  for  Pilot  Training  (ASPT^  locate:'  v 
Williams  AFB  uses  the  sar.e  type  of  visual  display  as  the  Luke  AT"S 
SAAC.  During  on-site  discussions  with  ASPT  personnel,  ctysme?:'. 
of  trainees  in  the  ASPT  were  reported  as  similar  to  those*  expo- 
rienced  in  the  SAAC.  Although  incidence  rates  for  the  AS?I  v?r 
not  available,  a  tape  of  one  subject's  experience  in  the  AS?!  vs .r 
reviewed  in  which  ha  described  symptom  occurrence,  sever  it’.  ;>- 
persistence  nearly  identical  to  those  of  SAAC  trainees. 

Certain  amounts  of  simulator  sickness  nay  occur  in  all  *i~- 
ulators  utilizing  wide-angle  visual  systems.  *  It  is  felt,  hov- 
ever,  that  the  training  benefits  which  can  be  derived  from  there 
dynamic  visual  displays  far  outweigh  the  negative  impact  rewrit¬ 
ing  from  the  simulator  sickness  phenomena.  Experimental  l;'tsr  .- 
tory  research  efforts  are  continuing  to  try  to"  determine  the 
platform  notion  requirements  for  wide-f ield  visual  display  sim¬ 
ulators  (e . g . ,  Young,  1S77).  It  may  be  feasible  some  day  to 
correctly  mate  motion/force  platforms  with  visual  display  pre¬ 
sentations  and  mitigate  incidents  of  simulator  sickness.  I  .  the 
meantime,  applied  research  efforts  which  can  more  thoroughly 
compare  operational  equipment  and  user  differences  might  bo* 
capable  of  more  accurately  ascertaining  the  internal  btdy 
tions  which  lead  to  the  onset  of  simulator  sickness.  Once  :ne so 
internal  body  functions  have  been  positively  identified,  simu¬ 
lator  design  engineers  may  be  able*  to  construct  simulators  which 
will  reduce  or  eliminate  this  problem. 

Since  the  Air  Force  study  on  SAAC  was  completed,  there  has- 
been  significantly  less  apprehension  and  simulator  sicknes*  nrory 
the  students.  This  is  probably  the  result  of  a  new  briefing  “-ra¬ 
ce  dure  that  was  initiated  to  familiarize  them  with  the  pro  alert. 
After  they  were  briefed  on  what  to  expect  in  the  simulator.  th» 
students  seemed  to  feel  more  comfortable  end  better  able  to  cope 
with;  the  discomfort,  especially  after  being  told  that  other?  * 
were  affected  also  but  that  they  adapted  readily  with  time.  In 
essence,  they  were  told:  "The  symptoms  are  very  transient  arc* 
you  will  adapt  to  it  (the  simulation)."  (Personal  communication 
with  Mr.  Robert  E.  Coward.) 

st  Avail&bte  Copy 
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APPENDIX  A. 

r  /  DESCRIPTION  OF  2E6 

the  2E6  Air  Combat  Maneuvering  Simulator  (ACMS)  was  in¬ 
stalled  at  the  Naval  Air  Station,  Oceana,  Virginia  and  became 
operational  in  November  1979.  The  device  is  designed  to 
provide  close-in  Air  Combat  Maneuvering  training.  The  device 
has  two  trainee  stations  (pilot  and  NFO  in  tandem  cockpit 
configuration)  located  inside  each  of  two  40-foot  domes  which 
provide  a  360-degree  field  of  view  (see  Figure  A-l) .  Inside 
the  domes  are  sky-^arth  projectors  that  project  a  blue  sky 
and  green-brown  earth  displays  separated  by  a  white  haze  band. 
The  cockpits  in  the  domes  are  mock-ups  of  the  F-4J  and  F-14A 
and  are  interchangeable.  Each  cockpit  is  fixed-based  with 
spatial  orientation  provided  by  computerized  control  of  the 
sky-earth  projector.  There  is  no  provision  to  simulate  visual 
altitude  cues  or  relative  direction  and  velocity  progression 
over  the  terrain.  _ 

Each  dome  is  also  provided  with  a  missile  projector, 
capable  of  displaying  one  missile  in  flight  at  a  time,  and 
target  projectors  capable  of  displaying  two  aircraft 
simultaneously.  Four  cathode  ray  tube  projectors  in  each 
dome  project  a  maximum  of  two  targets  and  accurately 
simulate  target  altitude  and  range,  from  300  feet  to  25,000 
feet. 


An  Instructor  Operator  Station  (I0S)  associated  with 
each  dome  (or  trainee  station)  provides  control  for  that 
station  in  the  independent  mode  or  for  both  stations  in  the 
integrated  mode.  In  the  independent  mode,  all  activity 
occurs  in  a  single  dome;  the  integrated  mode  requires  an 
interaction  of  activity  between  domes.  In  either  mode,  a 
pilot  can  fly  against  a  computerized  bogie,  if  desired. 

In  either  the  independent  or  the  integrated  mode;, the 
Instructor  Pilot  (IP)  can  choose  computer  control  of  a 
programmed  target  (adversary)  or  "choose  to  fly"  the 
adversary  himself  from  a  modified  throttle  and  stick  at  a 
control  station  located  at  the  IOS  (see  Figure  A-2).  Each 
IOS  and  trainee  station  is  operated  by  an  Independent 
computer  system.  Figure  A-3  provides  a  functional  diagram 
of  the  complete  2E6  ACMS. 

A  normal  training  mission  consists  of  seven  to  ten 
engagements  in  a  30  to  45  minute  period  with  each  engagement 
lasting  two  to  four  minutes.  At  the  beginning  of  each 
mission,  the  IP  selects  airoraft  and  adversary  type,  initial 
conditions  (airspeed,  altitude,  heading),  weapons,  fuel 
loads  and  other  mission  specific  criteria.  The  mission  can 
be  frozen  in  time  and  restarted  from  that  point,  reset  to 
*  the  initial  conditions,  or  reset  and  new  Initial  conditions 
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Figure  A-l.  Air  Combat  Maneuvering  Simulator,  Device  2E6 
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Figure  A-3.  ACHS  Functional  Diagram 
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selected.  During  the  reset  function  all  mission  conditions 
are  reset t  including  spatial  orientation;  the  sky/earth 
display  "snap3"  back  rapidly  to  the  zero  degrees  pitch,  roll 
and  yaw. 
e 

Debrief  of  the  mission  is  available  at  an  independent 
console  and  display  system,  allowing  extensive  review  and 
hard  copy  extraction  of  selected  parameters.  Up  to  15 
minutes  of  replay  also  is  available  within  the  done.  During 
replay,  all  training  displays  and  conditions  are  replayed 
with  the  exception  of  aircraft  control  movement. 


( 


l 
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APPENDIX  B 


SIMULATOR  EFFECTS  QUESTIONNAIRE 


Introduction 


This  questionnaire  is  designed  to  provide  information  pertinent  to  a 
stuffy  of  the  design  and  use  of  visual  full-mission  simulators  such  as  the 
2E-6  ACMS.  The  focus  of  the  questionnaire  is  on  reported  cases  of  physio¬ 
logical  symptoms  similar  to  motion  sickness  or  othei  forms  of  discomfort 
associated  with  simulator  use  in  both  the  Navy  2E-6  and  the  Air  Force  Simu¬ 
lator  for  Air-to-Air  Conbac  (SAAC) . 

The  study  is  funded  by  Naval  Air  Systems  Cccmand  through  the  Naval 
Training  Equipment  Canter.  Permission  to  circulate  the  questionnaire  has 
been  obtained  from  Commander  Fighter  Wing  CNE.  All  information  provided  is 
confidential  to  this  study. 

The  questionnaire  items  are  directed  at  four  categories: 

General  background  information. 

Discussion  of  any  discomfort  or  symptoms  associated 
during  use  of  the  2E-6. 

Discussion  of  any  discomfort  or  symptoms  which  may 
occur  after  2E-6  use. 

General  questions  related  to  the  application  of  the 
2E-6  in  ACM  training. 

The  questionnaire  will  take  approximately  30  minutes .  We  are  very 
interested  in  your  opinions.  Very  little  information  exists  relative  to 
the  physiological  effects  of  high  technology  simulator  usage.  Please  be  as 
specific  as  you  can  and  feel  free  to  add  any  carmen ts  you  might  have  about 
the  questionnaire  or  the  general  topic. 
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(2NERAL  BACKGROUND  INFORMATION 


1.  How  many  .-total  flying  hours  have  you  accurulated?  1 

Vfoat  aircraft  types  are  you  now  current  in?  • 

How  many  hours  do  you  have  in  each?  .  _ _ _ 

Are  you  an  Aviator  or  Naval  Flight  Officer? _ _ _ _ 

2.  How  uuch  experience  have  you  gained  in  the  2E-6?  _ _ _ _  _ 

What  was  the  average  length  of  each  period? _ _ _ 

3.  Vlas  your  first  exposure  to  the  2E-6  a  result  of  a  structured  training 

program  or  personal  interest? _ _ _ _ 

Vhat  was  the  type  of  program  and  the  amount  of  2E-6  use?  _ _ 


4.  Have  you  had  experience  in  visual  simulators  other  than  the  2E-6? 

Vhich  simulators? _ _ _ 

(  How  nuch  time  in  each? _ 

For  what  purpose? _ _  _ _ 


Did  you  experience  any  disoccfort  or  symptoms  of  motion  sickness  in  ary 
of  these  trainers?  _ _ ; _ _ 

Please  describe  the  symptoms  you  experienced  in  each  trainer?  ____________ 


Did  you  experience  any  other  physiological  effects  such  as  profuse 
sweating  while  in  these  trainers? _ 
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EFFECTS  WHICH  OCCJRRED  DURING  2£-6  USE 

Using  a  flight  simulator  such  as  the  2E-6  presents  aircrews  with  very 
distinctive  visual  cues.  The  lade  of  motion  and  the  high  fidelity  of  the 
synthetic  visual  display  provided  by  the  2E-6  have  been  noted  as  being  a 
possible  source  of  discomfort  reported  by  aircrews,  or  what  the  Air  Force 
has  termed  "Simulator  Sickness".  The  inpact  of  the  synthetic  visual  cueing 
is  of  great  interest.  The  following  questions  seek  to  examine  your  opinions 
of  visual  simulator  use  of  the  2E-6. 

5.  Did  you  experience  an  adequate  introduction  to  the  2E-6  as  a  part  of 

your  first  mission?  _ _ 

How  long  were  you  in  the  dome  on  your  first  mission? _ 

Did  you  break  your  first  training  session  into  1  or  more  training  periods 
in  the  dome? _ _ _ _ 

6.  Did  you  experience  symptors  of  motion  sickness  or  discomfort  that  you 
attributed  to  training  in  the  dome  cr.  your  first  mission?  __________ 


How  long  were  you  in  the  dcre  when  veur  syrptems  occurred?  _ _ 

that  symptoms  did  you  experience?  _ _ _ 

Nausea? _ _ 

Dizziness?  _ _ _ 

leans? _ _ _ 

Feeling  of  being  disoriented?  _ _ _ 

Vertigo?  _ _ _ _ 

}teadacte? 

Visual  problems  such  as  focusing?  __________________________ 

7.  Have  you  experienced  discomfort  or  synptaas  of  motion  sickness  curing 

successive  missions?  _ 

that  were  the  symptoms?  _ _ 


Specifically,  did  you  experience  any  nausea  while  in  the  2E-6? 

Do  you  now  experience  these  symptoms  vhen  in  the  dene? _ 

If  not,  after  how  many  mission/hour9  did  the  syuptems  subside? 
In  what  order  did  the  symptoms  subside? _ 
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8.  If  you  experience  symptoms  of  discomfort  or  motion  sickness  In  the 
trainer,  can  you  identify  a  specific  maneuver  or  simulator  function 

*  r 

that  usually  initiates  syrrptoci  onset?  _ _ _ 

e 

Did  the  aircrew  member  you  were  training  with  get  sick  on.  the  same 
mission  that  you  did? _ 

Was  the  2E6  fully  operational  or  were  there  any  known  discrepancies 
on  the  flights  in  which  you  experienced  your  discomfort  or  synptems? 


On  missions  vhich  you  experienced  synptems  or  dis comfort,  were  you 
flying  against  the  computer  or  another  aircrew? _ 

9.  While  training  in  the  2E6,  are  there  any  particular  distractions  which 
interfere  with  your  concentration  cn  the  tasks  required  to  perform  ACM? 


10.  When  in  the  2E6,  hew  much  do  you  perspire  as  compared  to  an  actual  ACM 
training  flight? 

Much  more  More  Same  Less  Much  less 
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EFFECTS  THAT  OCCUR  AFTER  USING  THE  2E-6 

**: 

The  following  questions  are  pertinent  to  effects* that  occur  after  ^ 

missions  in  the  2E-6. 

11.  Generally,  hotf  do  you  feel  after  completing  a  2E-6  mission.  as  compared 
to  an  ACM  training  flight? 

More  Fatigued  Same  less  Fatigued 

Physically 

Mentally 

12.  After  using  the  2S-6,  have  you  ever  experienced  any  discomfort,  visual 

after  effects  or  other  symptoms? _ _ __ 

Wrat  were  your  symptoms? _ _ 


What  aspects  of  your  Simla  tor  experience  do  you  think  caused  the 
symptoms? _ _____ _ 


13,  After  using  the  2E-6,  have  you  experienced  any  difficulty  in  reading  of 

other  CRT  displays  or  any  other  type  of  displays?  _ _ __ 

Reading  books?  _ _ _ 

Watching  T.V.?  _ 

Focusing  difficulty? _ _ _ 

Headaches?  _ _ ______ 

Dizziness?  _ _ ^ _ _ 

Leans?  _ _ _ 

14.  If  you  experienced  visual  after  effects  (i.e.,  replay  of  visual  sequences, 
flashbacks)  that  you  associated  with  2E-6  training,  how  long  after  the 

training  session  did  they  occur?  _ _ _ _ _ 

Vhat  activity  were  you  engaged  in  at  occurrence? 

Please  describe  in  detail  the  characteristics  of  the  visual  after  effects. 


231 


NAVTRAEQUIPCEN  80-C-0135-4500-1 


Have  you  ever  experienced  flashbacks  of  any  sort  associated  with  any 

other  activities  or  training? _ _ 

Have  the  effects  noted  above  subsided?  _ _ 

How  long  Sifter  your  last  training  session  did  they  subside? _ 
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GENERAL  QUESTIONS  RELATED  TO  2E-6  THAgOg 

Ihe£  items  below  are  of  a  general  nature,  but  are  important  for  .an 
understanding  of  how  simulator  characteristics  affect  aircrews .  The  answers 
could  impact  the.  future  design  and  implementation  of  simulators  such  as  the 
2E-6. 

15 .  Can  you  identify  any  deviation  from  your  normal  ACM  cockpit  scan  when 
training  in  the  2E-6?  _ _ _ _ _ _ 


16.  When  attempting  to  achieve  a  high  G  turn  do  you  have  the  sensation  of 

really  pulling  G?  _ If  so,  what  articles  of  flight  gear 

were  you  wearing  at  the  time? _ _ 

If  not,  have  you.  flcwn  in  the  2E-6  with  your  normal  flight  gear  or.?  _ 

17.  While  training  in  the  2E-6,  do  you  perceive  differences  in  your  ability 

to  focus  when  transferring  from  outside  the  cockpit  to  inside  as  com¬ 
pared  to  inflight  ACM  training? _ _ _ 

Can  you  cite  examples? _ _ 


18.  Prior  to  your  experience  in  a  visual  mission  simulator,  what  was  your 
opinion  of  training  ACM  in  a  simulator? _ 


Vhat  is  your  opinion  now?  ' _ 

Do  you  see  any  difficulty  in  flying  after  a  simulator  mission? 
If  so,  why? 


Provision  of  your  name,  organization  and  phone  number  on  the  question¬ 
naire  is  voluntary  and  would  only  be  used  if  information  you  provide  or.  the 
questionnaire  indicates  further  research  is  desired. 

Organization  _ _ 


Nate 

Phone 
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indicates  the  same  symptoms  as  described  in 
jsther  visual  training  experiences. 
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Emesis 

Flashbacks 

2 

ft 

Ground  growth 

Ground  progression 

Independent  mode 
Integrated  mode 

Kinesthetic 

Leans 

Motor  dyskinesia 
Ocular 

Proprioceptive 

Reset  function 

Vertigo 

Vestibular 


GLOSSARY 

Vomiting. 

Retinal  after-images  which  occur  following^ 
exposure  to  simulator  visual  scenes.  Jr 

The  expansion  or  contraction  of  the  back-  * 
ground  visual  scenes  to  simulate  descents 
or  ascents  in  altitude. 

The  movement  of  the  background  visual 
scenes  in  relation  to  the  observer  to 
simulate  -movement  over  the  ground. 

Permits  the  Instructor  Operator  Station 
(IOS)  to  control  only  one  cockpit  trainer. 

Permits  the  selected  Instructor  Operator 
Station  (IOS)  to  control  both  cockpit 
trainers  interactively. 

Literally  "feeling  of  motion";  refers  to 
the  sensitivity  of  movements  of  parts  of 
the  body  (e.g.,  arms,  legs,  tongue  and 
eyeballs)  in  relation  to  the  whole  due  to 
the  excitation  of  receptor  cells  located  in 
the  muscles,  tendons  and  joints  of  the 
body. 

A  false  sensation  of  bank  or  tilt. 

Impairment  of  an  individual’s  power  of 
voluntary  locomotion. 

Of  or  pertaining  to  the  eye. 

The  sense  of  position,  movement,  pressure 
and  equilibrium.  It  is  divided  into  two 
major  subclasses:  Kinesthetic  and 
Vestibular. 

The  freezing  of  the  simulator  visual  dis¬ 
play  and  returning  to  a  new  set  of  initial 
conditions. 

False  sensation  of  bodily  position  and/or 
movement. 

Involves  the  perception  of  spatial  move¬ 
ments  and  spatial  orientation  of  the  body 
as  a  whole,  resulting  from  excitation  of 
receptor  cells  located  in  the  nonauditory 
labyrinth  of  the  ear. 
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SUMMARY  PAGE 


THE  PROBLEM 

r. 

What  are  the  possible  factors  which  contribute  to  "motion  sickness"  in  the 
2-FH-2  Hover  Trainer? 


FINDINGS 

A  review  was  made  of  the  development  of  Device  2-FH-2,,  including  two  evalua¬ 
tions.  These  evaluations  pointed  with  no  little  concern  to  the  problem  of  "motion 
sickness"  experienced  in  the  simulator. 

The  writers  feel  that  the  hypotheses  offered  by  others  to  the  effectthat  these 
symptoms  were  elicited  by  the  conflict  between  visual  cues  of  motion  and  static  physio¬ 
logical  cues  is  fo'se.  The  problem  seems  to  lie  in  one  or  a  combination  of  several 
modes  of  distortion:  There  exist  both  static  and  dynamic  distortions  in  the  projected 
scenery;  there  are  errors  in  the  perceived  directional  changes  of  motion;  and  there 
ore  dynamic  errors  in  the  perceived  angular  rats  of  motion.  These  distortions  are 
pointed  out  herein  and  suggestions  ore  made  as  to  how  they  might  be  alleviated. 
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INTRODUCTION 


In  1952y  the  Bell  Aircraft  Corporation  war  awarded  a  contract  by  the  Spec’c1 
Devices  Center  of  the  Navy  for  the  development  of  a  device  to  aid  research  in  ♦reining 
helicopter  pilots  by  means  of  simulated  visual  contact.  The  contract  specified  also  that 
the  device  &as  to  furnish  realistic  training  for  helicopter  pilots  in  hovering  and  auAo- 
rotation  flight  maneuvers.  The  de  Florez  Company  of  New  York  City  was  engaged  unde* 
sub-contract  to  develop  a  method  of  attaining  the  required  visual  real:sm  and  to  design 
and  construct  the  essential  components  demonstrating  the  capabilities  of  the  method 
devised . 

The  hovering  operation  of  the  device  was  first  demonstrated  in  December  1954,  a* 
the  Bell  Aircraft  Corporation,  Wheatfield,  New  York.  In  April  1955,  a  demonstration 
of  combined  hovering  and  two-projector  method  of  autorototion  was  held  for  representa¬ 
tives  of  the  omed  forces* 

Alter  certain  improvements  were  made  in  the  original  device,  it  was  installed  at 
Helicopter  Training  Group  One  (HTG-1),  Ellyson  Field,  Pensacola,  Florida,  In  February 
1956.  A  modification  kit  (composed  of  a  light  source  demagnifier,  autorototion  transpar¬ 
ency,  and  a  transparency  storage  rack)  which  wos  added  in  July  1956,  completed  the 
device,  and  it  was  subsequently  referred  to  as  Device  2-FH-2* 

It  should  be  made  clear  at  this  point  that  the  function  originally  intended  for  Device 
2-FN-2  was  to  make  possible  the  investigation  of  certain  problems  including  those  in¬ 
volving  visual  contact  encountered  in  flight  training.  !t  was  also  to  provide  a  means  of 
evaluating  the  point-source  system  of  visual  presentation  and  to  provide  training  in  outo- 
rotation  and  hovering  maneuvers  in  order  to  permit  correlation  of  its  characteristics  statis¬ 
tically  with  human  subjects. 

DESCRIPTION  OF  DEVICE  2-FH-2 

The  three  principal  components  of  the  device  are  the  projection  system,  the  cockpit, 
and  the  computer.  These  components  are  presented  schematically  in  Figure  1 . 
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A  SCHEMA  OF  THE  2-FH-2  DEVICE 


Projection  System 

The  pcpjection  system  developed  for  this  device  is  bosed  on  the  ossumption  ^har 
the  comlir^ition  of  a  small  diameter  point  source  of  light  and  a  transparency  Dlate 
containing  special  scenery  can  provide  a  realistic  terrain  perspective  and" motion  pre¬ 
sentation.  Through  the  use  of  this  technique,  q  realistic,  non-programmed,  wide- 
angle,  presentation  of  scenery  in  excess  of  260°  azimuth  by  75°  elevation  has  been 
achieved. 

Unlike  conventional  projection  systems,  this  system  does  not  depend  bas’caliy 
upon  wide  angle  lenses.  Projection  of  the  scenery  is  obtained  by  the  emission  of 
light  from  a  high  intensity,  extremely  small  diameter  source.  As  the  rays  of  light 
from  this  source  pass  through  a  transparent  film  depicting  a  partici 'ar  scene,  the  scene 
is  very  much  enlarged  and  projected  on  a  specially  contoured  screen.  Motion  of  the 
scenery  is  obtained  by  the  displacement  of  the  transparency  relative  to  the  light  source. 
Two  separate,  overlapping,  projectors  ore  used  in  Device  2-FH-2:  the  terrain  pro¬ 
jector  and  the  sky  projector.  The  terrain  projector  is  used  to  depict  the  near  terrain, 
the  far  scenery,  and  o  portion  o?  the  sky.  The  sky  projector  continues  the  sky  to  the 
upper  limits  ot  the  screen  (Figures  1  and  2).  The  point  source  lamp  which  was  found 
to  be  most  suitable  was  an  GSRAM,  high  pressure,  mercury  arc  lamp.  This  lamp  was 
used  in  conjunction  with  a  specially  devised  demagnifier  composed  of  a  wide  aperture 
camera  lens,  a  microscopic  condenser,  a  mirror,  and  a  dispersion  tip. 

Two  transparencies  were  included  with  the  original  device.  The  low  altitude  plate 
(0-55  feet)  projected  a  simulated  area  of  780  feet  by  780  feet.  The  high  altitude  plate 
(0-500  feet)  simulated  an  area  of  3,000  feet  by  3,000  feet.  The  movement  of  the  irons- 
parencies  is  accomplished  by  means  of  six  integrated  servo  systems.  These  systems  are 
capobie  of  producing  three  translational  and  three  attitudinal  freedoms.  Thus,  relative 
motion  between  the  transparency  and  the  lamp  is  used  to  achieve  changes  in  the  pro¬ 
jected  picture  which  describe  what  a  pilot  would  see  if  he  were  actually  flying  a 
helicopter. 

The  remaining  component  of  the  projection  system  is  the  screen,  the  general  shape 
of  which  is  shown  in  Figure  1.  The  screen  is  constructed  of  fiber  glass  sections  which 
ore  sarfoced  with  gloss  beads  to  ensure  a  high  reflection  factor.  The  final  shape  of  the 
screen  was  determined  by  Dr.  Francis  Murray  of  Columbia  University  end  was  designed 
so  as  to  minimize  irregular  illumination,  errors  in  velocity  judgment,  distortions  o(  size 
ond  distance,  and  to  provide  as  correct  ocular  convergence  os  possible. 
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FIGURE  2 

PROJECTION  SYSTEM 


Cockpit 

r  r 

The  cockpit  contains  the  usual  flight  controls  and  essential  flight  instruments  in 
as  realisticSsn  environment  as  possible  (see  Figure  3).  The  instrument  panel  is  similar 
to  that  found  in  the  HTL-5  helicopter.  However,  only  the  following  instruments  have 
been  activated:  the  manifold  pressure  gauge  dual  tachometer,  airspeed  indicator,  alti¬ 
meter,  and  compass.  An  intercommunication  system  is  provided  between  the  instructor 
and  trainee.  Dynamic  effects  of  vibration  and  rough  landing  jolts  are  produced  by 
rotating  eccentric  weights  of  the  vibration  system  within  the  cockpit  framework.  These 
ore  the  only  motions  actually  experienced  in  the  cockpit.  Two  instruments,  the  computer 
reset  and  the  freeze  switch,  not  conventionally  found  in  helicopters,  are  located  at  the 
base  of  the  instrument  panel  in  the  simulator.  The  computer  reset  provides  a  five-second 
period  in  which  the  pitch  and  roll  angles  and  all  of  the  attitudinal  and  translational 
velocities  for  the  projectors  and  computer  are  returned  to  zero.  This  function  has  been 
found  beneficial  to  the  novice  at  various  stages  of  training.  The  freeze  switch  stops 
all  computer  activity  with  the  exceptions  of  manifold  pressure,  engine  rpm,  and  rotor 
rpm. 


Two  speakers  are  mounted  in  the  cockpit  behind  the  pilot  to  provide  simulated 
engine  noise.  The  noise  frequency  changes  with  engine  rpm. 


Computer 


The  purpose  of  the  computer  is  to  take  inputs  from  motion  of  the  cockpit  flight 
controls  and  produce  electrical  outputs  representing  the  angular  and  translational 
velocities  an  actuol  helicopter  would  assume  from  similar  control  inputs.  The  computer 
consists  of  many  electromechanical  components  such  as:  summing  amplifiers,  integration 
servos,  position  servos,  resolvers,  functional  potentiometers,  relays,  demodulators,  and 
servo  amplifiers.  In  addition,  various  regulated  and  unregulated  power  supplies,  which 
furnish  the  power  to  do  the  computation,  are  located  within  the  computer. 


(2). 


A  more  detailed  description  of  Device  2-FH-2  may  be  found  in  references  (1)  and 


PREVIOUS  STUDIES 


The  preliminary  demonstrations  of  the  2-FH-2  at  the  Bell  Aircraft  Corporation 
indicated  that  the  simulation  of  actual  flying  conditions  was  quite  realistic.  Although 
their  tests  were  admittedly  Inconclusive,  there  was  some  evidence  of  positive  transfer 
of  training  from  performance  in  the  2-FH~2  to  that  In  a  helicopter. 
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COCKPIT 


It  was  found,  however,  that  a  large  number  of  observers  (mostly  helicopter  pilots) 
experience?  some  degree  of  vertigo  during  these  demonstratiorjs.  The  feeling  of  vertigo 
was  found  to  be  worse  when  the  affected  operator  lost  control  of  the  device.  The 
comments  of  the  workers  involved  in  these  demonstrations  suggested  strongly  that  the 
cause  of  the  vertigo. “did  not  stem  from  incorrect  visual  presentation,  but  rather  from 
the  lack  of  associated  effects  on  the  body."  (1)  The  similarity  of  the  equations  of 
motion  in  the  2-FH-2  presentation  to  those  in  actual  helicopter  motion  supports  the 
hypothesis  quoted  above  in  that  it  demonstrates  that  the  real  and  simulated  motions 
were  indeed  of  the  some  order. 

It  was  subsequently  concluded  that  these  induced  feelings  of  vertigo  do  not  indicate 
a  lack  of  training  ability  of  the  device.  "Rather  it  indicates  a  lack  of  completeness  in 
the  simulated  environment  and  in  addition  to  the  visual  requirements,  helicopter  pilots 
require  body  accelerations  to  complete  cue  inputs.  This  effect  was  not  ignored  in 
early  planning,  but  early  demonstrations  indicated  satisfactory  illusion  of  flight  was 
attainable  with  its  omission.  It  now  appears  that  future  operational  trainers  might  be 
improved,  or  at  least  be  granted  easier  acceptance  by  seasoned  helicopter  pilots,  by 
the  addition  of  body  motion  to  satisfy  developed  visual  and  inertial  motion  sensing. 

But,  it  remains  to  be  proven  that  the  inclusion  of  approximated  body  accelerations  will 
enhance  the  training  capabilities  of  the  device  for  non-pilot  or  non-helicopter  pilot 
trainees  and  thus  be  economically  justified."  (1)  It  was  thus  concluded  by  the  Bell 
Aircraft  investigators  that  It  would  be  an  improvement  in  future  simulators  if  a  compatibl 
body-projector  motion  could  be  produced. 

Following  installation  of  the  Device  2-FH-2  at  Ellyson  Field,  an  evaluation  study 
was  conducted  by  Havron  and  Butler,  representatives  of  the  Psychological  Research 
Associates.  Only  a  brief  summary  of  this  evaluation  will  be  presented  at  this  time. 

The  purpose  of  the  above  evaluation  was  "to  determine  to  what  extent  the  device 
was  useful  in  initial  stoges  of  helicopter  training  and  what  problems  arose  os  a  result  of 
the  exposure  of  students  to  a  number  of  hours  of  practice  in  the  device  prior  to  flight  in 
an  operational  helicopter."  Thirty-six  subjects  were  used  in  the  study  and  were  divided 
evenly  into  experimental  and  control  groups.  A  special  training  syllabus  was  devised 
for  the  experimental  group  slated  to  receive  training  in  the  simulator.  Subsequently,  a 
rating  form  was  devised  which  served  os  a  criterion  upon  the  completion  of  the  study. 

The  criterion  appearing  on  this  form  consisted  of  the  five  helicopter  maneuvers  which 
were  considered  to  be  the  most  critical  and  the  most  difficult. 


The  experimental  procedure  was  as  follows:  All  subjects  were  first  given  their  A-l 
familiarization  flight  and  their  ground  school  training.  The  experimental  group  was  then 
given  twelve  thirty-minute  training  sessions  on  the  simulator  totaling  six  hours.  Follow¬ 
ing  this,  both  the  experimental  and  control  groups  were  given  training  in  the  HTL-5,  up. 
through  the  fifth  training  period  (a-5).  Finally,  both  grobps  were  given  a  test  hop  in 
the  HT£~5  In  which  the  five  maneuvers  contained  in  the  rating  scale  were  graded  by 
experienced  instructors. 

The  results  of  analyzing  these  data  demonstrated  that  there  was  no  significant 
difference  in  the  performance  of  the  two  groups.  This  lack  of  significance  was  not  con¬ 
sidered  to  be  surprising  in  view  of  the  fact  that  the  student  learns  the  basic  maneuvers 
in  about  ten  hours  anyway  and  usually  has  little  difficulty  in  doing  so. 

The  fact  that  the  performance  of  the  experimental  group  was  found  not  to  be 
superior  to  that  of  the  control  group  may  be  attributed  to  a  number  of  factors,  e.g., 
lack  of  fidelity  of  controls.  Until  these  factors  are  corfected,  the  student  may  be 
likely  to  learn  adjustments  on  the  simulator  which  are  dissimilar  to  those  required  in 
the  helicopter.  Havron  and  Butler  (3)  stated  that  the  deficiencies  concerning  the  lack 
of  fidelity  were  known  to  the  designers  but  that  "because  of  technical  problems  and  lack 
of  funds,  had  not  been  corrected"  at  the  time  of  their  evaluation.  In  view  of  this,  it 
is  unfortunate  indeed  that  the  2-FH-2  was  installed  and  declared  finished  when  known 
deficiencies  were  left  uncorrected.  Inasmuch  as  simulation  of  this  nature  is  inherently 
complex,  a  negative  evaluation,  no  matter  how  thoroughly  qualified  the  recommenda¬ 
tions  are,  might  well  have  a  deleterious  effect  on  future  investigation  along  similar 
lines.  It  is  fortunate  that  Havron  and  Butler  gave  a  straightforward  report  of  what  they 
felt  to  be  the  reasons  for  the  lock  of  fidelity  ond  the  subsequent  ineffectiveness  of  the 
instrument  as  a  training  device. 

As  was  mentioned  previously,  during  the  early  demonstrations  of  the  2-FH-2  at 
the  Bell  Aircraft  Corporation,  It  was  noted  that  a  number  of  individuals  experienced 
vertigo,  nausea,  and  similarly  unpleasant  sensations.  Similar  experiences  have  been 
encountered  in  connection  with  other  visual  contact  flight  simulators  (e.g.,  the  F-151 
Aerial  Fixed  Gunnery  Trainer).  In  the  Havron  and  Butler  study  a  questionnaire  revealed 
that  twenty-eight  of  thirty-six  respondents  experienced  some  degree  of  sickness.  These 
respondents  included  instructors,  students,  and  other  personnel  experienced  both  in  the 
2-FH-2  ond  the  HTl-5.  The  more  experienced  instructors  seemed  to  be  the  most  sus¬ 
ceptible  to  these  unpleasant  sensations.  Most  cases  of  sickness  were  reported  in  the 
early  stages  of  the  experiment.  It  was  also  revealed  that  the  "motion  sickness"  usually 
occurred  in  the  first  ten  minutes  of  a  given  training  session.  Interestingly,  these  feel- 
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ings  of  sickness  were  frequently  felt  for  several  hours  after  leaving  the  trainer  and,  in 
some  cases,  individuals  reported  no  immediate  sickness  but  became  sick  later  in  the 
day.  This  sc&called  motion  sickness  became  such  a  serious  problem  that  it  was  felt  that 
unless  it  can"be  remedied  in  some  way  the  utilization  of  such  simulators  as  training  de¬ 
vices  would  be  limited  considerably.  The  Havron-Butler  study  lists  a  large  number  of 
possible  causes  for  this  sickness  and  discusses  them  in  detail.  Consequently,  they  will 
not  be  reiterated  at  this  time. 

In  spite  of  the  problems  encountered  in  their  evaluation,  Havron  and  Butler  con¬ 
cluded  in  general  that  a  visual  contact  simulator  can  indeed  prove  to  be  an  extremely 
useful  instrument  in  a  number  of  different  areas  of  aviation.  Some  of  the  advantages  of 
using  such  a  simulator  os  opposed  to  using  actual  aircraft  are:  safety  for  the  aircraft  and 
the  pilot,  independence  of  weather,  training  for  special  missions,  minimizing  radiation 
exposure  in  pioneer  studies  in  nuclear  powered  aircraft,  and  the  possibility  of  large 
economical  savings.  These  advantages  can  be  realized,  however,  only  if  the  existing 
problems  of  fidelity,  motion  sickness,  control  characteristics,  and  other  difficulties  are 
overcome . 

As  is  emphasized  in  the  Havron-Burler  report  the  most  pressing  problem  to  be  faced 
at  present  in  the  2-FH-2  is  that  of  simulated  motion  sickness.  Obviously  this  limits  the 
efficacy  of  the  machine  in  both  its  role  as  a  research  tool  and  as  a  hover  trainer.  Conse¬ 
quently,  the  Naval  School  of  Aviation  Medicine  was  asked  *o  review  the  problem  and 
make  recommendations  which  might  alleviate  this  problem. 

PROCEDURE 

In  on  attempt  to  become  more  familiar  with  the  device,  the  authors  first  interviewed 
c  number  of  individuals  acquainted  with  Its  operation  and  some  who  had  been  present 
during  previous  studies.  Following  a  familiarization  “flight”  in  the  simulator,  a  brief 
flight  in  the  HTL-5  was  mode  by  the  writers  and  three  other  members  of  the  staff  of  the 
Naval  School  of  Aviation  Medicine  in  order  to  make  comparisons. 

Next,  several  of  the  instructors  who  had  been  used  in  the  Havron  -Butler  evaluation 
study  were  interviewed.  One  of  these  men  hod  been  so  badly  disoriented  in  the  simulator 
that  he  was  later  forced  to  stop  his  cor,  get  out,  ond  walk  around  in  order  to  regain  his 
bearings  enough  to  continue  driving.  An  interesting  point  here  is  that  several  hours  had 
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elapsed  since  he  had  "flown"  the  simulator,  and  he  was  well  on  nis  way  home  before 
these  effects  Were  experienced.  There  were  many  similar  cases  in  which  no  particular 
ill  effects  were  felt  while  "flying"  but  in  which  such  symptoms  as  headache,  disorienta¬ 
tion,  and  dizziness  occurred  later. 

£ 

Finally,  it  was  decided  that  two  men,  Y  and  G,  should  learn  to  operate  the  2-FH-2 
for  the  purpose  of  later  running  subjects.  The  former,  however,  was  forced  to  discontinue 
this  after  six  hours  of  training  because  he  began  to  have  severe  symptoms  of  motion  sick¬ 
ness.  G  became  foirly  proficient  in  flying  the  simulator  with  about  thirty  hours  of  train¬ 
ing.  The  only  ill  effect  he  reported  was  a  marked  fatigue  experienced  after  each  "hop". 
It  may  be  well  to  note  here  that  four  men  from  Ellyson  Field,  who  were  checked  out  on 
the  2-FH-2  ot  the  Bell  Laboratories  were  able,  after  four  hours  in  the  simulator,  to 
successfully  hover  the  HTL-5.  This  is  accomplished  usually  within  about  two  hours  in 
the  helicopter  training  program.  Also,  G  had  the  opportunity  later  to  fly  the  HTL-5. 
With  some  fifty  hours  of  experience  in  the  simulator  he  was  able  to  fly  maneuvers  re¬ 
quired  of  a  man  with  about  ten  hours  in  the  Training  Command,  It  should  be  understood 
that  neither  the  group  of  four  men  nor  G  had  the  advantage  of  a  programmed  syllabus  of 
instruction  on  the  simulator.  The  task  was  nearly  one  of  trial  and  error. 

The  decision  was  mode  at  the  start  as  to  what  was  probably  the  most  obvious  and 
accessible  facet  of  the  problem:  the  distortion  of  distance  cues  provided  by  the  lack  of 
retinal  disparity  and  convergence.  A  black  patch  worn  over  one  eye  would  eliminate 
these  cues  and  thus  any  distortion  which  might  have  been  present  due  to  them. 

The  subjects  used  in  this  experiment  were  ten  U.  S.  Navy  enlisted  men,  stationed 
at  U.  S.  Naval  Air  Station,  Pensacola,  whose  ages  ranged  from  17  to  21  years.  They 
were  divided  into  two  equal  groups.  Each  of  the  men  was  given  four  hops  in  the  simula¬ 
tor  which  consisted  of  the  maneuvers  reported  by  Havron  and  Butler  to  most  frequently 
provoke  "motion  sickness*14  These  maneuvers  were  practiced  by  G  for  approximately 
six  hours  in  an  attempt  to  standardize  the  "flight  plan They  were  used  in  the  follow¬ 
ing  order:  1)  an  orientation  flight  around  the  limits  of  the  area;  2)  hover  at  approxi¬ 
mately  5  feet  above  the  runway;  3)  fore  and  aft  oscillations;  4)  turns  on  a  spot;  5) 
lateral  oscillations;  6)  landing.  Group  A  was  given  two  hops  without  the  patch,  follow¬ 
ed  by  two  hops  with  the  patch;  Group  B  was  given  two  hops  with  the  patch,  followed 
by  two  hops  without  the  patch.  Each  man  was  interviewed  and  given  a  questionnaire 
upon  the  completion  of  each  hop  in  an  effort  to  determine  the  nature  and  degree  of  the 
effects  which  he  experienced. 
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No  statistical  difference  wos  found  between  the  two  groups,  nor  was  there  ja  differ  * 
ence  due  to^the  presence  or  absence  of  the  patch.  However,  *two  very  definite  con¬ 
clusions  were  drawn:  1)  A  great  many  more  than  ten  subjects  are  needed  to  distinguish 
cases  of  actual  sickness  from  malingerers  and  from  subjects  who  have  accepted  a  suggested 
sickness.  2)  A  means  much  more  reliable  than  the  questionnaire  is  needed  to  determine 
both  the  existence  and  the  degree  of  sickness. 

At  this  point  the  writers  estimated  that  a  period  of  about  two  years  would  be  required 
to  evaluate  systematically  all  properties  of  the  simulator  v^iich  might  contribute  to  motion 
sickness.  They  were  informed,  however,  that  due  to  space  demands  and  maintenance 
problems  the  machine  could  not  be  committed  for  more  than  four  months.  The  problem  of 
maintenance  had  already  been  forcefully  brought  to  the  writers'  attention:  The  machine 
required  about  three  hours  repair  for  every  two  hours  of  operation.  It  was  thought  advis¬ 
able  therefore  to  spend  the  available  time  in  an  attempt  to  localize  the  trouble  spots  and 
make  recommendations  for  further  research,  rather  than  to  begin  the  project  with  little 
hope  of  being  able  to  finish  it. 


DISCUSSION 

With  the  Havron  and  Butler  Report,  the  Bell  Engineering  Report,  the  Special 
Devices  Maintenance  Manual,  and  the  machine  itself  at  their  disposal,  the  writers  began 
an  attempt  to  pinpoint  the  trouble  areas  of  the  2-P H-2.  These  reports  were  used  as 
general  references  and  while  in  some  cases  similar  findings  were  made,  the  following  re¬ 
sults  were  found  independently  of  previous  investigations. 

PHYSIOLOGICAL  CUES 

At  first  glance  a  "flight"  in  the  2-FH-2  appears  to  be  so  similar  to  an  actual  flying 
situation  in  the  Bell  HTL-5  that  it  is  rather  difficult  to  account  for  the  fact  that  there  is 
so  much  difference  In  their  respective  effects  on  the  operators.  In  trying  to  account  for 
these  differences,  the  first  thought  of  those  most  concerned  with  the  simulator  was  that 
the  basis  lay  in  the  conflict  between  the  visual  and  physiological  cues  of  motion.  Inas¬ 
much  as  the  seat  in  the  simulator  does  not  move,  the  cues  of  motion  are  received  from  a 
visual  source  without  the  expected  accompanying  physiological  use.  This  conflict  may 
indeed  be  one  of  the  elements  contributing  to  "motion  sickness,"  but  Its  relative  impor¬ 
tance  In  the  complexity  of  contributing  factors  Is  rather  doubtful.  Aviators  are  quite  often 
called  upon  to  choose  between  two  or  more  conflicting  cues  without  any  resulting  sickness. 
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Any  physlolpgicol  cue  to  motion  is  elicited  only  by  changes  in  rate  of  motion,  i.e., 
acceleration  or  deceleration,  and  these  changes  in  rate  are  normally  almost  impercept¬ 
ible  in  the  HTL-5.  Furthermore,  the  instructors  know  what  to  expect,  whereas  the 
student,  having  hod  essentially  no  experience  in  helicopters,  has  not  had  the  opportunity 
of  building  up  such  expectancies.  Instructors,  however,  report  that  they  must  relax  in 
order  to  "feel"  these  cues  of  motion.  Now,  since  virtually  all  of  the  students  are  very 
"tense"  in  at  least  their  first  two  or  three  hops  in  both  the  simulator  and  helicopter,  it 
becomes  a  difficult  to  account  for  the  fact  that  10  to  15  per  cent  of  the  students  experi¬ 
ence  "motion  sickness"  in  their  first  few  hops.  In  considering  the  above,  one  is  led  to 
believe  that  the  basic  problem  is  concerned  with  conflicting  visual  cues,  rather  than 
a  conflict  between  visual  and  proprioceptive  cues. 

CONTROLS 

One  of  the  most  difficult  problems  in  learning  to  fly  helicopters  is  that  of  over¬ 
controlling.  This  is  due  primarily  to  the  slight  (one  to  two  seconds)  lag  between  move¬ 
ment  of  controls  and  the  student's  recognition  of  response  by  the  aircraft.  .The  helicopter 
begins  its  directional  movement  as  it  makes  the  required  attitudinal  adjustment,  whereas 
the  simulator  executes  the  full  attitudinal  adjustment  before  beginning  a  directional 
movement.  The  characteristic  increases  the  lag  in  cyclic  control  to  two  to  three  times 
that  of  the  HTL-5.  Since  the  only  way  for  the  simulator  to  assume  a  nose  down  attitude, 
in  preparation  for  forward  flight  for  instance,  is  to  shift  the  scenery  upward  on  the  screen, 
on  illusion  is  produced  of  flying  backward.  This,  in  turn,  encourages  even  greater  over¬ 
controlling.  In  at  least  one  instance  this  situation  of  negative  feedback  has  caused  an 
experienced  helicopter  pilot  to  completely  reverse  his  cyclic  control.  For  example,  he 
began  to  correct  for  undesired  forward  movement  with  back  cyclic. 

In  overcontrolling,  the  pilot  soon  begins  to  "chase"  the  aircraft  and  often  loses 
control  of  it  completely.  Obviously,  this  loss  of  control  produces  a  violent  maneuver. 

The  more  violent  maneuvers  were  found  to  produce  o  greater  degree  of  "motion  sickness." 
Subjects  have  reported  that  they  are  more  prone  to  become  sick  when  sitting  as  a  passen¬ 
ger  with  nothing  to  do  than  when  they  are  actually  "flying"  the  simulator.  This  may  well 
account  for  the  reports  that  a  higher  percentage  of  Instructors  than  students  become  sick, 
since  the  students  have  the  controls  the  majority  of  the  time. 

In  on  effort  to  remedy  the  problem  of  overcontrolling  If  is  suggested  that  an  instru¬ 
ment  indicating  the  position  of  the  cyclic  be  installed.  This  will  provide  the  student  with 
a  means  of  immediate  feedback  as  to  cyclic  position.  This  instrument  might  be  in  the  form 
ofonoscilliscppe,an  auditory  tone,  or  a  spring  loading  system  in  the  cyclic  itself. 
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TRANSPARENCY 


Movement  of  the  transporency  plate  provides  the  cues  for  all  attitudinal  and 
directiortol  movements  except  those  in  the  vertical  plane.  All  these  movements  are 
well  cocudinated  with  the  controls  and,  with  the  exception  of  the  turning  movement,  > 
are  quite  satisfactory.  Quite  often,  when  effecting  a  turn  on  a  spot  or  some  similar  £ 

maneuver,  the  transparency  begins  to  shudder.  This  in  turn  causes  the  scene  on  the  * 

screen  to  shake  violently  and  resemble  an  earthquake.  Subjects  have  reported  that  this 
contributes  to  the  "motion  sickness." 

The  main  point  of  reference  used  by  aviators  in  visual  flying  is  the  horizon.  In  the 
simulator,  an  image  projected  from  the  square  transparency  plate  upon  the  round  screen 
produces  an  illusion  of  a  horizon  with  corners.  The  horizon  rises  up  to  a  peak  corres¬ 
ponding  to  a  corner  of  the  plate,  and  then  begins  to  drop  off.  This  is  somewhat  disturb¬ 
ing  to  the  pilot  in  his  effort  to  stay  oriented. 

In  the  present  location  of  the  simulator  at  Ellyson  Field,  it  is  nearly  impossible  to 
keep  the  transparency  free  from  dust.  Subjects  have  reported  that  this  dust  provides  a 
distraction  in  the  scene;  however,  this  is  thought  not  to  be  of  major  importance  since 
the  dust  particles  remoin  in  a  constant  position  relative  to  other  objects  in  the  scene. 

The  scene  presented  by  the  transparency  may  be  too  complex.  It  is  not  uncommon 
for  an  individual,  upon  finding  himself  in  a  strange  situation  with  a  multitude  of  stimuli 
bombarding  him,  to  experience  a  degree. of  nausea,  dizziness,  et  cetera.  An  example  of 
this  may  be  found  in  the  case  of  a  newcomer  in  a  large  city,  or  a  stranger  at  a  big  party. 
Hoyron  and  Butler  support  this  idea  in  noting  the  difference  between  ill  effects  suffered 
while  using  the  complex  lowaltitude  plate  and  those  suffered  while  using  the  much  simpler 
high  altitude  plate.  Perhaps  it  would  be  of  benefit  to  simplify  the  mass  of  stimuli  with 
which  the  pilot  must  deal. 

Also,  it  is  suggested  that  the  three  dimensional  objects,  especially  the  ones  near¬ 
est  the  landing  field,  be  removed  from  the  transporency  plate.  In  addition  to  their  con¬ 
tribution  to  complexity,  they  appear  tremendously  distorted  from  simulated  positions  of 
low  altitude  and  short  range.  Movement  In  the  vertical  plane  is  provided  in  the  simulator 
by  vertlcol  movement  of  the  light  source.  When  the  pilot  is  performing  precision  maneu¬ 
vers  near  the  hangar,  for  instance  at  about  5  feet,  the  light  source  is  far  below  the  top  of 
the  hangar  on  the  transparency.  This  causes  the  hangar,  which  should  be  approximately 
35  feet  toll,  to  loom  up  on  the  screen  to  on  apparent  height  of  75  to  100  feet.  This 
height  varies,  of  course,  with  the  altitude  and  distance  from  the  hangar. 


A  second  transparency  provides  the  top  portion  of  the  picture,  i.e.,  sky  and  cloudsv 
A  problem  here  is  that  the  two  pictures  overlap  approximately  2  feet.  This  fusion  of  the> 
picture^provldes  on  obscure  band  across  the  screen  just  above  the  horizon.  £ 

LIGHT  SOURCE' 

The  picture  presented  on  the  screen  :s  dim  and  blurred.  This  may  be  a  function  of 
the  light  source,  the  screen  surface,  or  the  transparency.  Whatever  the  source  these 
properties  should  be  modified  since  blur  gives  the  impression  of  motion,  ond  this  may 
well  be  a  contributing  factor  to  the  motion  sickness  involved.  This  impression  of  motion 
may  also  be  a  factor  causing  poor  performance  by  a  student  in  that,  during  hovering 
maneuvers,  one  must  respond  to  the  slightest  impression  of  movement. 

The  Bell  Engineering  Report  recommends  that  the  light  source  be  24  inches  above 
the  eyes  of  the  observer  in  order  that  optimum  perspective  and  clearness  may  be  obtained 
ot  a  simulated  altitude  of  3  to  5  feet.  The  source  moves  a  distance  of  7  inches  during  the 
scope  of  operation,  but  at  a  simulation  altitude  of  5  feet,  it  is  9.8  inches  lower  than  the 
recommended  distance  from  a  subject  5  feet,  11  inches  tali. 

As  is  mentioned  above,  this  projection  system  is  distorted  in  that  the  usual  cues  for 
retinal  disparity  and  ocular  convergence  are  lacking. 

An  alternative  method  of  projection  is  suggested  in  the  Bell  Engineering  Report  (1). 
The  method  is  composed  essentially  of  two  polarized  light  sources  appropriately  separated 
so  os  to  project  two  images  onto  a  specular  reflecting  surface,  if  the  observer  is  wearing 
properly  adjusted  polarized  goggles,  the  illusion  of  depth  is  produced  by  virtue  of  the 
fact  that  the  images  do  not  originate  from  the  same  source.  This  method  consequently 
decreases  the  severity  of  the  screen  contour  requirements.  Although  this  system  has 
certain  advantages  as  mentioned  above,  a  serious  shortcoming  is  that  the  observer  must 
keep  his  head  perpendicular  to  the  plane  of  polarization  on  the  screen  at  all  times  or 
the  effect  is  destroyed. 

SCREEN 

Two  of  the  primary  factors  to  be  considered  In  the  design  of  the  screen  are  housing 
and  light  return.  In  on  effort  to  avoid  problems  in  these  respects,  however,  the  designers 
hove  created  other,  perhaps  more  serious  problems.  Let  us  first  consider  the  size  of  the 
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screen.  From  the  cockpit,  the  furthest  point  upon  which  a  pilot  is  called  to  focus  is 
about  12  feet.  The  closest  point  on  the  screen  is  about  6  feet  from  his  eyes.  This  differ¬ 
ence  of  aboQt  6  feet  represents,  in  the  scene,  a  distance  of  a  matter  of  miles.  Obviously, 
the  represeriJed  distance  to  an  object  in  the  scene  is  some  exponential  function  of  the 
actual  distance  to  that  given  point  on  the  screen.  Therefore,  any  movement  of  the  head 
will  increase  or  decrease  the  represented  distance  to  an  object  in  an  exponential  manner, 
and  any  correction  effected  by  increasing  the  radius  of  the  screen  would  alleviate  this 
problem  in  the  same  manner. 

If  it  were  possible  for  the  light  source  and  the  pilot's  eyes  to  be  at  the  same  point, 
the  ideal  shape  of  the  screen  would  be  spherical.  However,  this  is  not  possible.  Thus, 
a  deviation  in  the  shape  of  the  screen  from  that  of  a  sphere  was  made  in  an  effort  to 
correct  for  the  distance  from  the  light  source  to  the  pilot's  eyes.  This  deviation  may  or 
may  not  have  achieved  its  purpose.  In  view  of  the  fact  that,  at  its  present  site,  the  light 
source  is  several  inches  too  low  and  the  cockpit  has  two  seats  with  the  focol  point  of  the 
screen  between  them,  it  would  be  rather  difficult  to  determine  the  adequacy  of  the  in¬ 
tended  design. 

In  referring  to  Figure  1  the  reader  will  note  that  at  the  bottom  of  the  screen,  the 
curve  is  nearly  flat  and  thot  it  is  greatly  accelerated  about  halfway  up  the  screen  and 
flattens  out  again  at  the  top.  In  the  area  of  greatest  curvature,  projected  scenery  appears 
to  be  slightly  "squeezed  in."  This  causes  a  great  deal  of  distortion  during  pitching  and 
rolling  maneuvers.  Also,  in  straight  and  level  flight  scenery  appears  to  be  accelerated  os 
it  passes  that  area  of  the  screen. 

Because  netther  of  the  seats  is  located  at  the  focal  point  of  the  screen,  a  parallax  Is 
perceived  by  on  observer  from  either  seat.  For  example,  from  the  left  seat,  as  the  curva¬ 
ture  of  the  screen  increases  upward,  all  objects  appear  to  slant  to  the  left.  As  the  transi¬ 
tion  is  mode  in  the  curvature  of  the  screen  from  acceleration  to  deceleration,  a  transition 
is  also  being  made  in  the  direction  of  the  parallax.  An  object  then  appears  to  be  slightly 
bowed  and  squeezed  in  at  the  point  of  greatest  curvature  in  the  screen,  and  finally  oppears 
In  true  vertical  perspective  in  the  flat  portion  at  the  top.  However,  clouds  are  the  only 
objects  wh;ch  are  usually  presented  in  the  upper  portion  of  the  screen.  Thus,  virtually 
oil  of  the  stimuli  which  provide  important  cues  to  the  pilot  ore  distorted. 

There  Is  a  similarly  varying  distortion  evident  in  the  lateral  plane.  Figures  4  and  5 
are  time  exposures  taken  of  a  scene  from  different  locations  in  the  cockpit  of  she  2-FH-2. 
Figure  4  was  taken  from  o  point  directly  under  the  light  source.  Figure  5  was  taken  ot 
approximately  the  seme  height  from  a  point  2  feet  to  the  right  of  the  light  source.  It  is 
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FIGURE  5 

;ht  side  of  cockpit 
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FIGURE  4 

VIEW  FROM  CENTER  OF  COCKPIT 


apparent  immediately  when  comparing  these  figures  that  a  considerable  amount  of  dis¬ 
tortion  fit  produced  when  the  scene  is  viewed  from  points  other  than  directly  under  the  ,7. 
Sight  source.  If  this  distortion  were  constant,  the  observer  would  likely  be  able  to  > 
adapt.  "Unfortunately,  however,  the  degree  of  the  distortion  is  changing  continually  £ 
with  movements  of  either  the  scenery  or  the  observer's  head.  Since  these  distortions  7" 
ore  due  to  the  offset  position  of  the  seats,  the  only  area  free  of  parallax  Is  that  area  on 
the  screen  which  5s  aligned  with  the  observer's  eyes  and  a  vertical  line  from  the  light 
source.  The  greater  the  distance  from  this  area  to  a  point  being  attended,  the  greater 
the  distortion  will  be.  Thus,  a  pilot  performing  a  turp  on  a  spot  to  the  left,  may  observe 
that  a  fence  post  or  telephone  pole  which  slants  about  fifteen  degrees  to  the  left,  grad¬ 
ually  approaches  the  vertical  as  It  approaches  this  area  of  the  screen,  and  then  begins 
to  slant  to  the  right.  If  this  parallax  contributes  to  the  cause  of  "motion  sickness",  one 
may  readily  account  for  the  fact  that  a  greater  percentage  of  instructors  get  sick  then 
do  students;  the  instructors  have  learned  to  scan  the  visible  areo  constantly,  whereas 
the  students  tend  to  fixate  on  a  particular  area  of  the  screen  and  simply  to  attend  to  that 
portion  of  the  scene  which  comes  into  this  area. 

Any  cues  which  remain  at  a  fixed  position  with  respect  to  the  screen  will  be  per¬ 
ceived  as  conflicting  with  the  cues  of  motion  which  are  projected  upon  the  screen.  Dust 
presents  a  greater  problem  here  than  on  the  transparency,  and  it  is  much  more  difficult 
to  remove.  An  attempt  to  vacuum  the  screen  resulted  only  In  making  more  definite 
streaks  on  It.  This  problem  con  probably  be  alleviated  only  by  resurfacing  the  screen. 
Also,  there  are  several  large  oil  spots  on  the  lower  portions  of  the  screen  which  were 
made  while  lubricating  the  overhead  transmission. 

Another  reference  point  on  the  screen  which  remains  fixed  Is  the  line  between  the 
upper  and  tower  sections  of  the  screen.  Unfortunately/  this  (tne  serves  also  as  a  very 
good  reference  cue  to  the  horizon;  during  straight  and  level  flight  it  is  situated  just 
above  the  horizon.  This  factor  may  contribute  to  faulty  learning  as  well  as  to  motion 
sickness  in  the  2-FH-2. 

A  number  of  Individuals  have  commented  Independently  that  the  apparent  movement 
of  the  scenery  In  the  2-f  H-2  Is  considerably  more  rapid  than  the  corresponding  movement 
observed  from  a  helicopter.  The  cause  of  this  effect  It  not  clear.  It  may  be  however  the 
end  result  produced  by  certain  factors  discussed  previously  such  as  blurring,  distorted  size 
perspective,  distorted  movement  parallax,  etc.  This  problem  has  been  recognized  and 
discussed  in  the  bell  Aircraft  Engineering  Report  (1). 


REFERENCES 


1.  Siegel,  V.,  Final  engineering  report  —  Device  2-FH-2  research  tool  for  helicopter 

flight  simulation.  Report  No.  00-989-001.  Buffalo,  N.  Y.:  Bell  Aircraft 
Corporation,  September  1956. 

2.  Hand  Book  of  Maintenance  and  Operation  and  Parts  Catalog  for  Device  2-FH-2 

Research  Tool  for  Helicopter  Flight  Simulation.  NAVEXOS  P-1551.  Port 

Washington*  Long  Island,  N.  Y.:  U.  S.  Naval  Training  Device  Center. 
August  1956. 

3.  Havron,  M.  D.,  and  Butler,  L.  F.,  Evaluation  of  training  effectiveness  of  the 

2-FH-2  helicopter  flight  trainer  research  tool.  Technical  Report  NAVTRA- 
DEVCEN  1915-00-1.  Port  Washington,  Long  Island,  N.  Y.:  U.  S.  Naval 
Training  Device  Center,  April  1957. 


Hiller,  J.  W.,  I  Goodson,  J.  E.  Motion  sickness  In  a 
helicopter  simulator.  Aerospace  Medicine,  1960,  31 ,  204-212 


Motion  Si<*U::oss  in  a  Helicopter  Simulator 


James  \V;  XIii  i.i  it,  I'li.ll,  mid  I.iwthnaxt  (j#s)  Jams.*  R.  (U*% i**on, 
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lMt*IJVTIO?C  of  ojieralioitnl  air- 
craft  lias  l*ro:ne  nil  incrcaring* 
*y  iinjxirlaiit  asjvct  of  flight 
training.  A  mint  rr|v»rl  by  I.yl»riivl 
and  his  associates5  points  out  the  fan 
that  as  the  complexity  and  cost  of 
modem  weapon  systems  inerca?»c,  ihc 
availability  of  these  aircraft  for  tran¬ 
sitional  flight  training  will  decrease. 
They  say  further  fliat  "the*  loss  of  a 
pilot  and  airenift  in  a  training  acci¬ 
dent  not  rally  costs  in  t«-nns  of  money 
and  manpower,  but  also  in  terms  of 
Jecrcaied  overall  operational  capabil¬ 
ity.  Still,  adequate  training  must  be 
accomplished;  the  use  of  flight  simu¬ 
lators  to  make  up  the  deficit  in  air* 
craft  availability  *# cannot  be  over¬ 
looked."  One  must  kcq)  in  mind,  how¬ 
ever,  that  reatUtic  simulation  is  not 
the  goal  in  itself,  but  simply  a  means 
of  facilitating  a  training  program. 
The  impression  is  sometimes  given  in 
tbc  lilcmturc  that  realism  per  se  is  the 
single  m*»st  desirable  feature  in  a  sim¬ 
ulation  device,  t  libson  and  Smith1 
slate  in  'a  recent  report  lliat  "an  ob¬ 
jection  can  l>e  made  to  this  criterion 
of  success  for  a  training  device  or 
simulator,  the  sensory  inputs  neces¬ 
sary  for  realism  may  not  be  the  same 
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as  those  m  cessary  for  correct  percep- 
titiii  of  the  environment  ami  for  adap¬ 
tive  liehavior  with  reflect  to  it.  In¬ 
stead  of  aiming  to  reproduce  the  in¬ 
puts  f«*r  a  satisfactory  illusion,  the  de¬ 
signer  should  aim  to  repnxlucc  the 
inputs  that  arc  especially  relevant  for 
the  performance  in  t|in,«li«n.M 

Tlie  2-FII-2  helicopter  simulator 
was  designed  by  the  licit  Aircraft 
Company  in  conjunction  with  the  De- 
Morey.  Company  of  At*w  Yi*rk.  It  was 
installed  at  Helicopter  Training  Group 
One,  Kllyson  Meld,  Pensacola,  Florida 
in  February,  1956.  The  function  orig- 
ittaly  intended  for  tbc  device  was  to 
make  possible  flic  investigation  of  cifr- 
tain  problem*  including  those  involv¬ 
ing  visual  contact  encountered  in  heli¬ 
copter  flight  training.  It  was  also  to 
provide  a  means  of  evaluating  tljc 
point -source  system  of  visual  presen¬ 
tation,  and  to  provide  training  in  auto- 
rotation  and  hovering  maneuvers. 

OKSCKI  PTfOX  OK 

Tlie  three  principal  components  of 
the  simulator  are  the  projection  sys¬ 
tem,  the  cockpit,  and  the  computer. 
Theta  components  are  presented  sche¬ 
matically  in  Figure  1.  'Hie  ilcvke  lias 
been  described  in  detail  in  reports  by 
Scigel1  ami  otliers.* 

Projection  System.— 4 The  projivtimi 
system  developed  for  tins  device  is 
based  on  Cite  assumption  that  the  com* 
binatimi  of  a  small  diameter  |ioint 
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uHirrc  of  light  ami  a  Irantpuvncy  Two  trni)*ivi  reticle*  were  incliHlctl 
Plaining  social  tccncry  can  with  the  original  device.  The  .  low 
provide  a  realistic  terrain  per>|Kvtive  altitude  jilate  (0  to  55  fart)  projected 
am!  motion  presentation  ( Fig.  2)*  a  siimilaicd  ground  arn  of  7K0  feel 


Fig.  I.  Schema  of  Hell  2-KIF-2  helicopter  «hnt»lalor. 


Through  the  use  of  this  technique,  a  by  780  feet.  The  high  altitude  plate 
realistic,  non-progmmmcd,  wide-angle,  (0-500  feet)  simulated  an  area  of 
l»irscntatinn  of  seiner}'  in  excess  of.  3,000  feet  by  3.000  feet.  The  movc- 
2>0°  azimuth  by  75°  elevation  has  ment  of  the  transparencies  is  accom- 
U-cn  achieved.  pfished  by  tucans  of  six  integrated 

Unlike  conventional  projection  sys-  *°rvo  systems.  These  systems  arc  cap- 
lems,  this  system  dues  not  depend  of  producing  three  translntiottal 

basically  upon  wide  angle  lenses.  As  an^  three  altitudinal  freedoms.  Titus, 
the  rays  of  light  entitled  front  the  relative  motion  between  the  transpar¬ 
ent  source  pass  through  a  transpar-  *ncJ’  and  the  bmp  is  used  to  achieve 
mt  film  depleting  a  particubr  scene,  changes  in  the  projected  picture  which 
the  scene  is  projected  on  a  specially  describe  what  a  pilot  would  see  if  he 
•*iiiiourcd  screen.  Motion  of  the  seen-  WCT*  actually  flying  a  helicopter. 
tv  is  obtained  by  the  displacement  The  remaining  component  of  the 
»f  the  transparency  rrbtivc  to  the  light  projection  system  is  the  screen,  the 
Murce.  Two  separate  overlapping  general  shape  of  which  is  shown  in 
projectors  arc  used  in  this  device:  Figure  I.  The  screen  is  constructed 
the  terrain  projector  and  the  sly  pro-  of  filler  glass  sections  which  are  sur- 
ievtnr.  The  terrain  projector  is  used  faced  with  gliss  lieads  to  ensure  a 
depict  the  . .near  terrain,  the  far  high  reflection  factor.  The  shape  of 
Mvnery,  and  a  iwrtion  of  the  sly.  the  screen  was  designed  to  provide  as 
Hh;  sly  projector  continues  the  sly  correct  ocular  convergence  as  possible, 
to  the  upper  limits  of  die  screen.  and  to  minimize  errors  in  velocity 
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jlhltfiucnl.  bTcyiihr  ilhii’iiiuilMui.  ,iikI  Two  inslamuinj  an:  m.(  v<>n. 

Ji'lorlinnj  of  si/c  ami  <li>(.-tm-c.  vculiounlly  fuum!  in  hvli*oj>kT.<,  ij* 

r  rcsrt  ami  the  frwxe  sivikh, 
Co.  kpit.- ■■  I') »c  i"<H'k|’ii  conlains  the  art*  l*-vnt»;«l  at  tlx.-  In<<:  «>f  the  in^tru 
usual  llijjht  it  Jill  mis  and  essential  flight  incut  jemcl  in  the  simulator.  The  coni- 


2.  Prwjniirtn  *y»nm  of  2  l?fl*2  h».!iiM|Mcr  simulutur. 


instruments  in  as  realistic  an  envir-  pnter  reset  provides  a  five-second  j*c* 
oununtf  ns  possible  (Fig.  3).  The  in-  riorl  in  which  the  pitch  and  roll  angles 
slrumcut  paml  is  similar  to  that  found  and  nil  of  the  altitudinal  and  tranda- 
in  the  IITL-5  helicopter.  However,  lioual  \  devil  ics  for  the  projectors  mi  l 
only  'the  following  inslnimeiits  Icik  computer  are  r**ftirw»l  1o  xcm.  Thi' 
activated:  manifold  pressure  function  tins  liecn  found  to  Iv  1*iic- 
gauge,  dual  tachometer,  airsp**cd  iudi-  ficial  lo  the  sUidiut  at  various  Stag*  • 
cator,  altmuHer,-  and  compass.  An  in*  of  training  Hie  fiver  e  switch  <fnp% 
f  ••tvommoment inn  system  is  provM*tI  all  computer  activity  with  the  ejcccp* 
for  the  instructor  ami  trainee.  IV*  tions  «»l  manifold  pressure,  engine 
nan  tie  effects  of  vibration  ami  rough  rpm*  and  mtor  rpm. 
landing  jolts  arc  produced  by  mint-  Two  speakers  arc  mounted  in  the 
mg  eccentric  weights  within  the  cuek*  cockpit  b*  hind  the  pilot  to  provide 
pit  framework.  These  arc  tlv  only  simulated  engine  n**ia*\  The  noise  ft\- 
mot  tons  actually  experienced  in  the  qucncy  changes  with  engine  rpm. 
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Computer. — The  pur]x>sc  of  tJie 
iompulrr  is  So  take  inputs  from  move¬ 
ments  of  the  cockpit  flight  controls 
and  produce  electrical  outputs  repre- 
'scuting  the  angular  and  traii.-lnlional 
velocities  that  an  actual  helicopter 
nuulJ  assume  f i utu  similar  control 
inputs. 


pilots,  'cxpcricnrcd  some  degree  of 
vertigo  during  these  demonstrations. 
The  feeling  of  vertigo  was  found  to  l*c 
worse  when  the  a/Tcctcd  operator  lost 
control  of  the  device.  The  comments 
of  tlw  workers  involved  in  these  deni- 
onMintions  suggested  strongly  that  the 
muse  of  the  vertigo  "did  not  stem 


Kij,  3.  Cockpit  of  hrli<v>|><cr  litmilator. 


DISCUSSION 

The  preliminary  demonstrations  of 
the  2-FJI-2  by  the  manufacturer  in¬ 
dicated  that  the  simulation  of  actual 
Hying  conditions  was  quite  realistic. 
Although  their  tests  were  admittedly 
inconclusive,  there  was  some  evidence 
of  positive  transfer  of  training  from 
l*erfonnancc  in  Hie  2-FH-2  to  that  in 
a  helicopter. 

It  was  found,  however,  that  a  large 
number  of  observers,  mostly  helicopter 

Mascii,  I960 


from  incorrect  visual  presentation,  but 
rather  from  Hie  lack  of  associated  ef¬ 
fects  on  the  lindy.**4  llavrmi  and  Ful¬ 
ler  arrived  at  the  same  conclusion 
in  a  subsequent  report*. 

The  primary  purpose  of  the  evalu¬ 
ation  by  Uavron  and  Fuller-  was  ". .  . 
to  determine  to  what  extent  the  de¬ 
vice  was  useful  in  initial  stages  of 
helicopter  training  and  what  problems 
arose  as  a  result  of  the  exjiosurc  of 
students  to  a  number  of  hour*  of 
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pi  adieu  in  the  .device  prior  to  flight 
in  an  operational  helicopter."  It  was 
found  that  there  was  no  significant 
difference  in  the  subsequent  perform* 
ance  in  a  helicopter  between  students 
trained  on  the  simulator  and  those  re¬ 
ceiving  no  such  training.  A  question* 
mire,  however,  revealed  that  twenty- 
eight  of  thirty-six  respondents  experi¬ 
enced  some  degiec  of  sickness.  These 
res[*)mlents  included  instructors,  stu¬ 
dents,  and  other  personnel  experienced 
in  both  the  2-FH-2  and  the  HTL-5. 
The  more  experienced  instructors 
seemed  to~bc  those  most  susceptible  to 
unpleasant  sensations.  Most  eases  of 
sickness  were  reported  iu  the  early 
stages  of  the  experiment  It  was  also 
revealed  tliat  the  "motion  sickness" 
usually  occurred  in  the  first  ten  min¬ 
utes  of  a  given  training  session.  In¬ 
terestingly,  these  feelings  of  sickness 
frequently  were  Mt  for  several  hours 
after  leaving  the  trainer,  and.  iu  some 
cases,  individuals  reported  no  imme¬ 
diate  sickness  hut  became  sick  later 
in  the  day.  This  so  called  motion 
sickness  became  such  a  serious  prob¬ 
lem  that  it  was  felt  that  unless  it  could 
be  remedied  iu  some  way  the  utiliza¬ 
tion  of  Such  simulators  as  training 
device*  would  considerably  be  limited. 
The  Hutlcr-Havron  study  lists  a  hrge 
number  of  possible  causes  for  this 
sickness  ami  discusses  them  in  detail. 

After  familiarizing  themselves  with 
the  physical  components  and  opera 
lion  of  the  simulator,  the  present 
writers  aUciuptcd  to  locate  some  of  the 
possible  causes  of  the  "motion  sick¬ 
ness"  As  mentioned  earlier,  no  pro¬ 
vision  for  producing  actual  motion 
was  included  in  the  simulator.  Pre- 
£  vierns  investigators  have  suggested  that 


this  absence  of  real  movement  accom¬ 
panied  by  the  presence  of  visual  cues 
designed  to  give  the  impression  of 
movement  produced  a  conflict  si  1  na¬ 
tion.  This  conflict  was  thought  to  be 
the  primary  cause  of  the  "motion  sick¬ 
ness."  The  lack  of  accompanying 
bodily  cues  may  indeed  be  one  of  the 
elements  contributing  to  "motion  sick¬ 
ness,"  but  its  relative  importance  in 
the  complexity  of  contributing  factor> 
is  rather  doubtful.  Any  physiologic 
cue  to  motion  is  elicited  only  by 
rhanges  in  rate  of  motion,  that  is,  ac¬ 
celeration  or  deceleration,  and  these 
change*  in  rate  arc  normally  almost 
imperceptible  iu  the  IlTf^-5.  ’flu* 
lack  of  such  barely  perceptible  cues 
can  hardly  l>c  thought  to  cause  a  con¬ 
flict  great  enough  to  produce  such  sc* 
vere  symptoms. 

An  interesting  feature  of  the  sywp- 
toms  is  that  the  ill  feelings  sometime* 
did  not  come  on  until  several  hours 
had  elapsed.  On  one  occasion  an  in¬ 
structor  had  to  get  out  of  his  car 
the  way  home  ami  walk  around  in 
order  to  regain  his  equilibrium.  Other 
instructors  became  conditioned  to  the 
simulator  to  the  extent  that  the  very 
sight  of  it  made  thnn  sick.  The  senior 
author  found  that  after  any  apprecia¬ 
ble  time  in  "flight"  in  the  simulator 
it  was  indent  pleasant  to  get  out 
soon  as  possible.  Kven  those  indiv¬ 
iduals  who  did  not  become  ill  reported 
tliat  they  usually  felt  very  tired  after 
a  nw.  Tills  fatigued  feeling  lash'd 
frequently  throughout  the  day.  Ap* 
proxunatdy  60  per  cent  of  the  instruc¬ 
tors  reported  symptoms  of 
sickness"  white  only  about  12  per  cent 
of  the  students  reported  similar  w- 
pericncn  as  a  result  of  a  "hop"  in  the  j 

A Ktoir.vcc  SUwcim 


262 


•M  we  u  a  ) 


MOTION*  S1CKNKSS-M1KKKK  AXI>  (UX)USON 


simulator.  It  is  probably  true  that 
some  students  would  not  report  such 
feeling  as  readily  as  would  the  in* 
>tructor&  because  of  fear  that  it  would 
affect  their  flight  status.  It  .  is  un¬ 
likely  though  that  this  factor  would 
account  for  the  large  differences  found. 

It  is  jKVsihle  then  Uuit  the  basic 
problem  underlying  the  “motion  sick* 
iuss*  re[K>rU\I  involves  conflicting 
vi'Ual  cu»$  rather  than  a  conflict  lx* 
tween  visual  and  proprioceptive  cues. 

One  of  the  must  difficult  problems 
tncmmiored  when  learning  to  fly  heli¬ 
copters  is  that  of  overcoat  l  ulling.  This 
is  due  primarily  to  the  slight  (otu*  to 
two  seconds)  lag  between  movement 
of  controls  and  the  student's  recogni¬ 
tion  of  the  response  by  the  aircraft. 
The  helicopter  begins  its  directional 
movement  ns  it  makes  the  required 
atliiuditul  adjustment,  whereas  tlu* 
Simula!  u  executes  the  full  altitudinal 
adju'tunnt  tiefori  Wginuing  a  dine 
tional  movement.  This  chatavtct istic 
increases  the  lag  in  cyclic  control  to 
two  to  three  times  that  of  ihcdfTI^S. 
Since  the  only  way  for  the  simulator 
to  assume  a  nose  down  attitude  is  to 
shift  the  scenery  upward  on  the  screen, 
an  illusion  is  produced  of  flying  back¬ 
ward  This,  in  turn,  tiictmrugcs  even 
greater  over  -controlling.  In  at  least 
*410  instance  this  situation  of  negative 
fmlUiek  lists  caused  an  cxj#crM%itccJ 
helicopter  pilot  to  etmiplelely  reverse 
his  cyclii  control. 

In  oveieonlrtdltng,  the  pilot  soon  be- 
gins  to  #Ylwt*eM  the  aircraft  and  often 
h*M3  control  of  it  completely.  This 
loss  of  control  produces  a  violent  ma¬ 
neuver.  I'he  more  violent  maneuvers 
were  found  to  prodttce  a  greater  de¬ 
gree  of  “motion  sickness.*  Instructors 
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have  rcjKtrted  that  they  arc  more  prone 
to  become  sick  when  sitting  as  a  j>as- 
senger  under  those  conditions  than 
when  they  arc  actually  “flying*  the 
simulator. 

The  main  point  of  reference  used 
by  aviators  in  visual  contact  flying  is 
the  horizon.  In  the  simulator,  an 
image  projected  from  the  square 
transjiavency  plate  upon  the  round 
screen  produces  an  illusion  of  a  hori¬ 
zon  with  corners.  The  horizon  rises 
up  to  a  peak  cur  r  esq  wilding  to  a  corner 
of  the  plate,  anti  then  begins  to  drop 
of).  This  is  disturbing  lu  the  pil< *t  in 
his  cfl\»rt  to  stay  oriented. 

The  scene  presented  by  the  trans¬ 
parency  may  be  h*i  complex.  It  is  not 
uncommon  foj  an  individual,  upon 
finding  himself  iit  a  strange  situation 
with  a  multitude  of  stimuli  bombard¬ 
ing  him,  to  experience  a  degree  of 
namca  and  di/xim^s,  Jlavron  and 
Jhtller  Mtppoil  thb  idea  it)  noting  the 
dilTeieueo  IkUycvu  ill  effects  suffered 
while  using  the  low  altitude  plate  con¬ 
taining  a  complex  of  scenery  and  those 
suffered  while  using  the  much  simpler 
high  altitude  plate,  Perhaps  it  would 
Ik*  of  benefit  to  simplify  the  mas*  of 
stimuli  with  which  the  pilot  must  deal. 

/\is«»,  it  is  suggested  that  the  three 
dimensional  objects,  csj«ccially  the  ones 
nearest  the  landing  field,  l»c  removal 
from  the  transparency  plate.  In  addi¬ 
tion  to  their  contribution  to  complex¬ 
ity,  they  appear  ti  cmcnelouiJy  distort¬ 
ed  front  simulated  pn*Jtious  of  low 
altitude  and  short  range.  Movement 
in  the  vertical  j>kmc  is  provided  in  the 
simulator  by  vertical  movement  of  the 
light  source.  When  the  pilot  u  per-  i 
forming  prevision  maneuvers  near  the  u 
hangar,  for  instance  at  about  S  feet,  ! 
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the  light  source  is  far  below  the  top 
of  the  hangar  on  the  transparency. 
This  causes  the  hangar,  which  should 
lie  approximately  35  fret  tall,  to  loom 
•lip  on  tin*  .vnni  to  an  apparent  height 
«if  75  tu  H*0  f«vl„  This  bright  varies, 
of  course,  with  flic  altitude  anil  dis¬ 
tance  fnii n  the  hangar. 

'Hie  picture  ••r**<eiitul  on  the  acrccti 
is  din:  and  blurred.  This  may  he  a 
function  of  the  light  source,  the  screen 
surface,  or  the  transparency.  What¬ 
ever  tin?  s«  Mirce,  these  pn)j>cttifs 
should  ?v  modified  since  blur  gives 
the  iiitptv.— urn  of  iiiutiin!,  mid  thus 
may  well  be  a  •  oniiibnling  fnUur  to 
tlte  niothm  •.•efctiev*  involved,  This 
impression  of  motion  may  aho  be  a 
factor  causing  poor  jH-rformance  liy 
a  student  in  that,  during  hovering  ma¬ 
neuvers,  one  must  respond  to  the 
slightest  iMpivsdnn  nf  movement. 

Another  #i>jh*ci  of  tlic  projection 
system  which  must  be  con<iderfd  is 
tlic  size  of  the  screen.  I'Youi  the  cock¬ 
pit,  the  furthest  point  upon  which  a 
pilot  is  called  to  focus  is  about  12 
feet.  The  closest  point  on  the  screen 
is  about  6  feet  from  his  eves.  This 
difference  of  about  6  fret  represents, 
in  tlic  scciio,  a  distance  of  a  matter  of 
miles.  The  represented  distance  to  an 
object  in  the  scene  is  some  exponen¬ 
tial  function  of  the  actual  distance  to 
Uiat  given  point  on  tlic  screen.  There¬ 
fore,  any  inovetncut  of  the  head  will 
increase  or  decrease  the  repn-sented 
distance  to  an  object  in  an  exponential 
manner,  and  any  correction  effected 
by  increasing  the  radius  of  the  screen 
would  alleviate  this  problem  in  the 
same  manner. 

If  it  wore  possible  for  the  light 
source  and  the  pilot's  eyes  to  be  at  the 


same  point,  the  ideal  shape  of  t)*. 
scrccn'would  be  spherical.  However, 
this  is  not  possible.  'Huts,  a  deviniw,:, 
in  the  shape  of  the  screen  from  flat 
of  a  sphere  was  nude  in  ail  rfforl  t„ 
corn-el  fur  llu*  disl.-mcr  from  the  liglg 
source  to  tlic  pilot *s  eyes.  In  refer¬ 
ring  to  Figure  1.  the  reader  will  not#- 
that  the  curvature  at  the  holloiii  of  ih~ 
screen  is  nearly  Hat,  that  it  is  greaiK 
accelerated  alxmt  halfway  up  and  ilr 
creases  again  at  the  lop.  Tu  tin?  an-., 
of  greatest  curvature,  projected  sem- 
cry  apprrtrs  to  lie  *lightlj'  "sijnrivcd 
in/*  'Hus  causes  a  great  deal  of  di<« 
tori  ion  during  pitching  and  rollim- 
maneuvers.  Af>o#  hi  straight  and  In. I 
flight,  movement  of  the  scenery  ap 
jwars  to  In-  accelerated  as  it  passes  lint 
area  of  the  screen. 

Itccaiisc  neither  of  the  scats  is  lo¬ 
cated  at  the  focal  point  of  the  screen, 
a  parallax  is  jicivrivrd  by  an  iJiservcr 
from  cither  M*ai.  For  example,  fn*n. 
the  loft  seat,  as  the  eu nature  of  th« 
screen  inomisfj  upward,  all  object* 
appear  to  slant  to  the  left.  As  the 
transition  is  made  in  the  curvature 
of  the  screen  from  acceleration  lo  <K 
cclemtioii,  a  transition  is  also  bring 
made  in  the  direction  of  the  parallax. 
An  object  thru  npivars  to  be  slight!) 
bowed  ami  squeezed  in  at  the  point  or 
greatest  curvature  in  the  screen,  and 
finally  appears  in  true  vertical  per¬ 
spective  in  the  flat  portion  at  the  top. 
However,  clouds  are  the  only  object* 
which  arc  usually  presented  in  the 
upper  portion  of  the  screen.  Thu*, 
virtually  all  of  the  stimuli  which  pro¬ 
vide  important  cues  to  tlic  pilot  are 
distorted. 

There  is  a  similarly  varying  disUtf* 
tion  evident  in  the  lateral  pbi*- 

Arno* hack  Mkuicoo 
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Figure*  4  and  5  are  time  exposure  I  tan  directly  under  the  light  source, 

photographs  maile  of  a  scene  from  If  this  distortion  were  constant,  the 

different  locations  in  the  cockpit  of  the  oWrvcr  would  likely  be  able  to  adapt. 

2-FH-2.  Figure  4  was  taken  from  a  Unfortunately,  lioucver,  the  degree  of 


Fig.  4  (alwvt).  Forward  view  from  center  of  cockpit  of  heli¬ 
copter  simulator. 

Fie.  5  (btbw).  View  from  right  side  of  cockpit  of  helicopter 
simulator. 


point  directly  under  the  light  source. 
Figure  5  was  made  at  approximately 
the  same  height  from  a  point  2  feet 
to  the  right  of  the  light  source.  Jt 
is  immediately  apparent  when  compar- 
ing  these  figures  that  a  considerable 
amount  of  distortion  is  produced  when 
the  scene  is  viewed  from  points  other 

Xt  ascii,  1960 


the  distortion  is  changing  continually 
with  movements  of  either  Hie  scenery 
or  the  observer’s  head.  Since  these 
distortions  arc  due  to  the  offset  posi¬ 
tion  of  the  scats,  Hie  only  area  free  of 
parallax  is  that  area  on  the  screen 
which  is  aligned  with  the  observer’s 
eyes  and  a  vertical  line  from  the  light 
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source.  TIic  greater  (lie  distance  from 
this  area  to  a*  point  being  attended, 
the  greater  the  distortion  will  be. 
Thus,  a  pilot  performing  a  turn  on  a 
spot  to  the  left,  may  observe  that  a 
fence  post  or  telephone  pole*  which 
slants  about  fifteen  degrees  hi  the  left, 
gradually  app»*<«achc$  the  vertical  as  it 
approaches  this  area  nf  the  screen,  and 
then  begins  to  slant  to  tin*  right. 

A  mimlKT  of  individuals  have  com¬ 
mented  independently  that  the  appar¬ 
ent  movement  of  the  scenery  in  the 
2-1*11-2  is  considerably  more  rapid 
llian  flu*  corrc>|K>nding  movement  ob¬ 
served  from  a  helicopter.  The  reason 
for  this  is  not  clear.  It  may  lie  how¬ 
ever  the  end  result  produced  by  cer¬ 
tain  factors  discussed  previously  such 
as  blurring,  distorted  size  perspective,* 
and  distorted  movement  jmnillax. 

i  Vertigo  and  concomittant  symptoms 
!  probably  arc  caused  by  a  combination 
|  of  several  visual  distortions.  As  was 
pointed  out  earlier,  some  of  these  dis¬ 
tortions  are  continually  changing  with 
movements  «>f  the  head,  finely  am  I/or 
transparency  thereby  producing  a  to¬ 
tally  unrealistic  clastic  environment. 
Static  distortions  can  often  be  toler¬ 
ated  and  even  adapted  to.  Dynamic 
distortions  on  the  other  hand'  present 
a  difficult  pill  to  swallow.  Tit  designing 
a  nnii-programmci!  visual  presentation 
using  a  point  light  source  system, 
these  factors  of  dynamic  distortion 
should  be  taken  into  account.  The 
"motion  sickness"  problem  in  the  2- 
FII-2  was  one  of  the  chief  reasons 
for  discarding  it  as  an  operational 
(light  trainer. 

SrMMAKY  * 
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has  become  an  increasingly  fui{M>rtaiii 
aspect  of  flight  training  for  reasons 
of  economy,  safety,  expediency.  In 
1956  a  helicopter  simulator  was  de¬ 
signed  and  installed  as  a  training  de¬ 
vice  in  l'uisimh,  Honda,  fur  the  dual 
ptirjK»sc  nf  evaluating  a  point  »niiriv 
system  of  uptical  projection  and  as  a 
invisible  means  of  fncilitatiugllic  train¬ 
ing  nf  helicopter  pilots.  During  the  ini¬ 
tial  stages  of  utilization  a  number  •»{ 
problems  anv«e  concerning  the  «lcsira 
bilily  of  employing  this  device  as  a 
training  iiislitiincitt.  One  of  the  nifwt 
serious  diflicullics  encountered  was  lhn« 
of  so  called  ‘'motion  sickness"  in  a 
cockpit  that  i lid  not  actually  move.  Tin* 
problem  became  so  serious  that  it  wa* 
one  of  the  chief  reasons  for  discon¬ 
tinuing  the  ini*  of  the  simulator. 
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FLIGHT  SIMULATOR  MOTION  SICKNESS 

>  IN  THE  AURORA  CP  140  FDS 

T  r 

L-Most  of  the  aircrew  conversion  and  continuation  training  for 
the  Ai*rora  aircraft  is  going  to  be  dons  in  a  flight  simulator,  with 
resulting  benefits  to  aircraft  availability  for  operations,  and  with 
savings  in  aircraft  maintenance  and  fuel.  A  very  elaborate  simulator 
is  therefore  needed,  and  the  CFI40  FDS  includes  such  advanced 
features  as  a  motion  platform  and  a  computer-generated  visual 
display.  With  the  "motion"  and  the  "visual"  came  simulator  motion 
sickness. 

The  Magnitude  of  the  Problem 

On  conversion  course  #1  (conversion  of  aircrew  from  the  Argus 
to  the  Aurora),  4  of  the  6  pilots  experienced  some  motion  sickness 
while  flying  the  simulator.  On  the  second  and  most  recent  course, 
conversion  course  #2,  only  2  of  8  pilots  experienced  some  motion 
sickness  in  the  simulator.  Three  additional  persons,  in  addition  to 
pilots  on  formal  conversion  courses,  have  experienced  seme  degree  of 
motion  sickness  while  working,  observing,  or  flying  in  the  simulator. 
One  of  these  three  was  a  flight  engineer* 

The  sickness  varied  in  degree  from  slight  discomfort  to  mild 
nausea;  no  severe  nausea  was  reported  and  no  vomiting  was  reported. 
The  problem  appears  to  be  the  creation  of  a  negative  attitude  early 
in  the  training,  not  a  prolonged  physical  impediment  to  learning. 

In  most  Individuals  who  experienced  the  sickness,  It  occurred 
only  on  the  first  one  or  two  simulator  exercises.  Subsequent 
exercises  were  flown  symptom-free. 

The  Cause  of  the  Sickness 

The  standard  theory  of  motion  sickness  (1,2)  Is  that  it  Is 
caused  by  a  mismatch  or  conflict  in  sensory  inputs,  l.e.,  a  conflict 
in  sensory  Information  either  (a)  between  two  simultaneous  Inputs  or 
(b)  between  the  pattern  of  inputs  being  sensed  and  the  pattern 
expected  on  the  basis  of  past  experience.  In  a  simulator  with  visual 
there  is,  in  several  sltuat  i.ons,  an  unavoidable  conflict  between 
visual  information  and  information  from  the  body's  inertial  receptors 
(the  vestibular  receptors  of  the  inner  ear,  pressure  receptors  in 
skin,  and  receptors  of  muscles,  tendons  and  Joints).  For  example, 
(a)  during  a  turn  of  180  degrees  while  taxiing,  the  visual  will  show 
the  turn  of  180  degrees  and  the  ayes  will  sense  a  turn  of  180 
degrees,  but- the  body's  inertial  receptors  will  not  sense  such  a  turn 
because  the  simulator  doA.s  mot  in  fact  rotate  through  180  degrees. 
The  pilot  might  feel  that  the  visual  scene  is  rotating  too  fast  for 
the  rotation  that  he  is  "really"  (lnertially)  undergoing.  The  motion 
platform  can  only  partly  compensate  for  the  lack  of  real  rotation  in 
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yaw.  The  conflict  between  the  sense  of  vision  (saying  "we  rotated 
through  180  degrees")  and  the  inertial  senses  (saying  "we  did  not 
rotate")  promotes  the  feeling  of  nausea  and  other  signs  and  symptoms  * 
of  motion  sickness.  ~ 

.  t  f. 

*  It  is  perhaps  valid  (3,4)  to  say  that  the  brain  mistakenly  £ 
interprets  the  mismatch  in  sensory  inputs  as  a  situation  caused  by 
ingested  poisons,  saying  in  effect,  “My  vision  tells  me  that  my 
inertial  receptors  are  providing  false  information;  my  inertial 
receptors  are  exceptionally  susceptible  to  malfunctions  caused  by 
poisons,  and  therefore  I  have  probably  been  poisoned;  probably 
something  I  ate;  therefore,  if  the  condition  persists,  vomit." 

There  are  many  such  situations  in  a  simulator  wit.,  visual. 
Another  example  is  (b)  a  level  coordinated  banked  turn.  During  such 
a  turn  the  visual  scene  will  show  the  degree  of  bank  (and  usually  the 
visual  scene  rotating  against  the  turn),  but  the  increased  resultant 
acceleration,  g,  that  experienced  pilots  expect  in  such  s  turn  will 
of  course  be  missing.  If  the  visual  shows  low  altitude  end  s 
noticeable  high  ground  speed  as  well  as  s  large  angle  of  bank  and  a 
high  rate  of  heading  change,  then  the  absence  of  large  g  forces  will 
be  particularly  striking:  the  sense  of  vision  will  say  to  the  pilot, 
"We  are  definitely  pulling  g“,  and  the  inertial  senses  will  say  "We 
are  not  pulling  g".  (Some  simulators  provide  an  inflatable  pilot's 
seat,-  and  when  g  is  "pulled"  the  inflation  pressure  is  reduced  and 
the  pilot  sinks  into  the  seat.  This  adds  realism  and  helps  to  fool 
the  pilot,  but  it  does  not,  for  purposes  of  motion  sickness,  fool  the 
inertial  receptors  in  the  inner  ear.  Even  if  the  pilot  consciously 
“feels"  g,  the  lack  of  real  g  on  the  inner  ear  can  cause  sickness. 
For  reasons  not  understood,  the  inertial  receptors  of  the  Inner  ear 
play  the  major  sensory  role  in  motion  sickness,  and  in  fact,  people 
without  inner  ears  are  totally  Immune  to  all  varieties  of  motion 
sickness). 

There  are  also  sensory  conflicts  in  simulators  with  visual 
during  rolls  into  turns,  rolls  out  of  turns,  pull-ups,  bunts, 
accelerations,  decelerations,  etc,  all  for  the  reason  that  the  normal 
inertial  input  to  the  body  during  such  manoeuvres  is  not  fully 
provided  by  the  motion  platform. 

It  is  interesting  that  almost, all  of  the  pilots  who  experienc¬ 
ed  sickness  in  the  simulator,  when  asked  (in  Major  Blsang’s  survey) 
what  they  felt  was  causing  the  sickness,  replied  that  it  was  con¬ 
flict"  or  lack  of  “coordination"  or  "correspondence"  between  vision 
and  motion.  This  is  precisely  correct,  and  that  it  was  almost 
universally  understood  by  the  pilots  Is  a  tribute  either  to  the 
quality’  of  their  instruction  in  aviation  medicina  or  to  their  r: 
percept iveness.  - 
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Prognosis,  and  Experience  of  Other  Simulator  Users 

i  The  simulator  sickness  was  a  serious  problem  on  conversion 
course  #1,  but  was  less  so  on  course  #2.  With  some  variability  or 
nois^  that  apparent  development  should  continue.  It  is  safe  to  pre¬ 
dict  that  the  problem  will  not  be  eliminated  completely,  because 
other  long-term  users  have  not  eliminated  it,  and  the  structure  of 
human  beings  demands  that  sickness  occur  in  the  circumstances  of 
these  simulators,  but  the  sickness  can  be  much  reduced  by  users  deal¬ 
ing  with  it  properly.  The  process  of  reducing  the  problem  has 
already  been  started  by  the  users.  The  users  were  surprised  by  the 
sickness  when  it  appeared  with  such  a  high  incidence  on  conversion 
course  #1,  and  it  was  a  worrisome  development.  By  avoiding  the 
recognized  worst  sickness-producing  manoeuvres,  the  problem  was, 
apparently,  alleviated  during  conversion  course  #2.  Further 
experience  will  enable  the  users  to  further  diminish  the  problem. 

In  the  experience  of  other  users  of  simulators  with  visual, 
the  incidence  of  simulator  sickness  is  surprisingly  high,  considering 
the  population  that  Is  exposed  to  the  stress,  but  the  severity  of  the 
sickness  is  much  less  than  In  real  flights  (1),  and  the  speed  of 
habituation  is  also  surprisingly  high  (a  few  hours  until  near-immun¬ 
ity  is  acquired).  Apparently,  everyone  who  operates  a  simulator  with 
a  large  visual  has  a  motion  sickness  problem  to  some  extent,  although 
with  "night-only  visual  simulation"  the  problem  is  slight.  Tlie.  con¬ 
sensus  is  that  the  motion  sickness  problem 'is  worse,  .in  .simulators 
with  wider  fields  of  view  in  the  visual.  *  ' Enquiries 'were  made  con¬ 
cerning  "visual  simulators"  for  airliners,  snd  for  the  P3,  A10,  F4, 
F14,  and  F16  aircraft,  and  all  of  them  were  causing  some  degree  of 
motion  sickness  In  some  of  the  pilots.  The  occurence  of  motion  sick¬ 
ness  in  simulators  with  visuals  that  are  both  small  and  "night- 
only"  is  quite  rare. 

The  worst  problem  seems  to  be  in  an  F14  simulator  which  is 
causing  disorientation  as  well  as  motion  sickness.  Peculiar  sensat¬ 
ions  occur  after  flying  the  simulator,  and  pilots  are  required  to 
have  one  night's  rest  after  the  simulator  before  flying  real  air¬ 
craft. 

It  la  of  interest  that  one  of  th$  users,  who  has  a  "beautiful 
motion  system*  always  leaves  it  turned  off  because  it  "really  doesn't 
Contribute  anything  to  the  training" .”~l TH*  did' not  know  whether  the 
motion  system  made  the  motion  sickness  problem  worse  or  better.  It 
appears  that  most  users  with  wide  field  visuals  consider  the  motion 
base  useful  for  pure  instrument  flying  only,  snd  most  turn  it  off  for 
VFR  flying  (in  some  cases  because  it  is.  thought  to  aggravate  the  the 
motion  sickness  problem).  In  general,  users  seem  to  dislike  the 
motion  systems  for  a  variety  of  reasons,  sons  of  them  unrelated  to 
motion  sickness.  One  user  felt  that  his  motion  sickness  problem  was 
much  relieved  by  conscientious  maintenance  of  the  motion  base. 
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On  the  basis  of  theory  it  can  be  predicted  that,  when  they 
arrive  for  training  on  the  Aurora,  the  "pipeline"  pilots  (pilots  with 
relatively  little  experience  and  without  operational  experience  on 
any  Wind  of  aircraft)  will  on  average  have  lees  susceptibility  to 
simulator  sickness  than  the  very  experienced  pilots  who  have  flown 
the  simulator  up  to  now,  in  spite  of  the  fact  that  susceptibility  to 
■otion  sickness  generally  decreases  with  age  in  adults.  The  reason 
for  this  prediction  is  that  the  pipeline  pilots  are  less  susceptible 
to  the  kind  of  conflict  labelled  (b)  above,  in  which  pilot  experience 
is  necessary  to  the  expectation  of  a  pattern  of  sensory  input.  The 
pipeline  pilots,  because  they  have  less  experience,  should  have  less 
prominent  (and  less  effective)  expectation  of  what  the  pattern#  of 
sensory  input  should  be  in  an  aircraft  such  as  the  Aurora.  When  an 
inappropriate  or  inconsistent  pattern  of  sensory  input  is  presented, 
the  inexperienced  pilots  should  be  less  able  to  recognize  it  m  such, 
consciously  or  otherwise. 

Consistent  with  the  above  prediction  on  the  basis  of 
theory,  in  one  of  the  earliest  reports  (5)  of  simulator  sickness,  in 
a  U.S.  Navy  helicopter  simulator  with  visual,  it  was  noted  that  the 
problem  was  worse  in  the  instructors  than  it  waa  in  the  students. 
Similarly,  the  U.S.  Navy  found  that  several  Instructors  suffered 
nausea  while  . evaluating  a  modern  P3  simulator,  called  the  2F87F, 
whereas  two  subsequent  classes  of  students  reported  only  more  minor 
symptoms  of  motion  sickness  (6).  It  is  probably  reasonable  to  expect 
that  the  Canadian  CP  140  FDS  staff  will,  with  experience,  reduce  the 
motion  sickness  problem  to  the  relatively  small  proportions  currently 
found  on  the  American  2F87F. 

Specific  Suggestions 

It  is  recommended  that,  aside  from  careful  maintenance  of  the 
motion  base,  no  adjustment  or  alteration  or  addition  to  the  FDS 
machinery  be  made  in  response  to  the  motion  sickness  problem  unless 
it  is  found  that  adjustments  In  the  way  It  is  used  are  ineffective  in 
reducing  the  problem  to  liveable  proportions.  The  users  will  of 
course,  In  response  to  simulator  sickness,  make  their  own  adjustments 
in  the  way  the  simulator  is  used,  on  the  basis  of  their  experience 
and  their  objectives,  as  they  have  done  already.  The  uaers  have 
implemented  e  carefully  designed  trainiu;  programme,  and  some  of  the 
following  suggested  procedures  would,  to  some  extent,  compromise  the 
effectiveness  of  that  programme  because  they  involve  doing  some  of 
the  more  difficult  flying  tasks  before  the  easier  ones  have  been 
learned.  It  might  be  decided  to  try  those  compromising  procedures 
only  in  those  rare  students  who  reveal  an  unusually  high  susc*ptlbll~ 
ity  and  unusually  slow  habituation.  Some  of  the  suggested  procedures 
can  he  implemented  for  all  students,  with  little  inconvience  and 
without  decrement  in  learning. 

Until  habituation  has  provided  immunity,  l.a.,  for  the  first  2 
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or  3  exercises: 


1)  Get.- the  student  seated  and  organized  before  turning  on  the  visual* 

2)  Keep  to  a  minimum  the  number  and  magnitude  of  turns  during  taxi¬ 
ing* 

3)  Keep  to  a  minimum  the  amount  of  turbulence  in  flight. 

A)  Use  the  freeze  mode  and  resetting  mode  as  little  as  possible. 

5)  Use  the  night  visual  rather  than  the  twilight  visual. 

6)  Use  mostly  instrument  flying  in  layer  cloud  and  not  too  much  clear 
hood  flying. 

7)  Keep  to  a  minimum  the  number  of  steep  turns. 

8)  Keep  to  a  minimum  the  number  of  times  the  pilot  is  required  to 
make  head  movements,  especially  large  nodding  movements  during  tur¬ 
bulence  or  during  changes  of  aircraft  heading,  vertical  speed,  or 
airspeed.  Head  movements  during  real  or  perceived  accelera¬ 
tions  are  peculiarly  effective  in  provoking  motion  sickness  (7). 

9)  Whatever  is  seen  or  perceived  to  be  the  cause  of  the  sickness 
should  be  minimized. 

10)  To  promote  rapid  habituation,  use  frequent  exposures  to  the  stress 
(once  or  twice  dally  with  no  days  off  until  habituation  is 
achieved),  increasing  the  stress  gradually  with  each  exposure. 
The  exposure  to  the  stress  should  always  cease  before  the  nausea 
becomes  severe.  The  key  to  rapid  habituation  is  having  frequent 
episodes  not  beyond  the  point  of  moderate  nausea,  with  complete 
recovery  between  episodes. 

11)  Antimotion  sickness  drugs  can  be  prescribed  by  an  M.O.  and  will 
help  prevent  the  sickness  without  Impeding  the  habituation  process 
(although  most  antimotion  sickness  drugs  tend  to  make  the  patient 
slow  and  sleepy). 

12)  Try  turning  off  the  motion  base,  as  a  last  resort. 

It  is  recommended  that  the  FDS  staff  have  frequent  interaction 
with  American  military  users  of  similar  equipment.  Such  interaction 
would  facilitate  the  exchange  of  current  information  about  practical 
aspects  of  dealing  with  the  problem. 

For  further  assistance  with  thla  problem,  for  points  of  dari- 
ficstlon  or  curiosity,  or  for  any  motion  sickness  problem  in  the  simu¬ 
lator  or  in  flight,  please  call  DCIEM  (416)  633-4240  ext  233,  Dr.  Ken 
Money. 

r 

Acknowledgements 

The  author  thanks  MaJ.  F.J.  Biaang  of  CPB  Greenwood  for  extens¬ 
ive  investigating,  demonstrating,  and  explaining.  The  author  it  also 
grateful,  for.  information  and  helpful  discussions,  to  Dr.  W.E.  Collins 
of  the*. FAA,  Prof.  G.H.  Crsmpton  of  Wright  State  University,  Col,  K.K. 
Cillingham  of  Brooks  AFB,  Dr.  F.E.  Cuedry  of  NAMRL,  Pensacola,  Dr. 
J.L.  Homick  of  NASA  JSC,  Dr.  R.S.  Kellogg  of  Williams  AFB,  Commander 
R.S.  Kennedy  of  NAMRL  New  Orleans,  Capt.  G.  McKay  of  Air  Canada,  Prof, 
C.M.  Oman  of  MIT,  and  Dr.  J.D.  Stewart  of  NASA  Ames. 


272 


REFERENCES 


rim  "Motion  Sickness”  by  K.E.  Money.  Physiological  Reviews  Vol#  50*' 

^  No.  1,  pp  1-39/  1970.  <T 

§ 

2.  "Motion  Sickness"  fay  J.T.  Reason  and  J#J.  Brand#  Academic  Tress?* 
1975. 

3.  "Motion  Sickness:  an  Evolutionary  Hypothesis"  by  M.  Treisman. 
Science  Vol.  197:  493-495,  1977. 

4.  "The  Psychology  of  Sea-Sickness"  by  C.A.  Claremont*  Psyche. 
Vol.  11,  pp  86-90,  1931. 

5.  "A  Note  Concerning  'Motion  Sickness'  in  the  2-FH-2  Hover  Trainer" 
by  J.W.  Miller  and  J.E.  Goodson.  Pensacola,  Florida:  Naval 
School  of  Aviation  Medicine,  Project  NM  17  01  11,  Subtask  3, 
Report  No.  1,  Feb.  20,  1958. 

6.  "The  Effects  of  Simulator  Landing  Practice  and  the  Contribution 
of  Motion  Simulation  to  P-3  Pilot  Training"  by  L.E.  Ryan,  P.G. 
Scott,  and  R.F.  Browning.  Training  Analysis  and  Evaluation 
Croup,  U.S.  Navy,  Orlando  Florida,  TAEC  Report  No.  63,  Sept  1976. 

7.  "Vestibular  Problems  in  Rotating  Spacecraft"  by  K.E.  Money  in 
"The  Role  of  the  Vestibular  Organs  in  the  Exploration  of  Space"* 
Office  of  Advanced  Research  and  Technology,  National  Aeronautics 
and  Space  Administration,  NASA  SP-77,  pp  257-262,  1965* 

8.  "Psychophyslologlcal  Effects  of  Training  in  a  Full  Vision  Simula¬ 

tor"  by  R.S*  Kellogg,  C.  Caetore,  and  R.E.  Coward*  Preprints  of 
the  Scientific  Program,  Aerospace  Medical  Association,  1980  . 

Scientific  Meeting,  Anaheim,  pp  203-204,  May  1980* 


Reprinted  from  Naval  Training  Device  Center  15th  Anniversarv 
Commemorative  Technical  Journal,  November  1971.  • 


The  Sensory  Interaction  of  Visual  and  Motion  Cues 


Mr,  JOSEPH  A,  PLUG 

Research  Psychologist^  Human  Factors  Laboratory ,  Naval  Training  Device  Center 


Effective  training  design  requires  that  the  significance  of  cue  interactions  be  established.  Core  moil  be 
taken  to  incorporate  into  the  training  device  not  only  the  cues  required  for  training  specific  tasks,  but  the 
essential  combinations  of  cues  as  weli 

This  paper  discusses  visual  and  motion  interaction  from  the  standpoint  of:  (l)  illusions  and  spat**! 
disorientation ;  (2)  spatial  orientation  training;  and  (3)  simulator  sickness. 


Experience  with  flight  trainers  has  shown  that 
motion  cues  are  perceived  and  used 
differently  when  external  visual  cues  are  displayed. 
Motion  can  be  sensed  visually  and 
pcoprioceptively.  Acceleration  cannot  be  sensed 
visually,  however,  until  increasing  velocity  is 
noted.  Conversely,  the  proprioceptive  sense, 
though  insensitive  to  velocity,  is  quite  sensitive  to 
acceleration. 

Highly  signficant  interactions  take  place  when 
the  visual  and  proprioceptive  senses  are  stimulated 
simultaneously.  As  a  result,  a  secondary  stimulus, 
presented  at  the  same  time  as  a  stimulus  of 
primary  importance  to  a  control  task,  may  act  as  a 
distracting  cue  or  as  a  source  of  confusion. 
Conversely,  a  secondary  stimulus  mty  supplement 
the  primary  one  and  aid  in  performance  of  the 
taak. 

Related  to  the  problem  of  whether  a  secondary 
cue  will  inhibit  or  enhance  the  primary  cue  is  the 
effect  of  the  secondary  cue  upon  the  sensory 
threshold  level  for  the  primary  cue. 
Experimentation  has  produced  human  sensory 
threshold  data  which  can  be  applied  to  simulator 
design.  However,  sensory  thresholds  which  have 
been  determined  for  a  particular  sense  modality 
must  be  used  with  caution  in  practical 
applications,  because  of  the  influence  of  other 
stimuli  acting  simultaneously  on  other  senses,  The 
combined  effect  of  several  cues  could  radically 
shift  the  sensory  threshold  level  for  any  or  all  of 
the  ^stimuli.  The  resultant  sensory  interaction 
should  be  given  primary  consideration  in  the 
design  of  training  devices. 

Since  much  of  the  following  discussion  is 
dependent  upon  descriptions  of  the  human 
sensory  system,  some  of  the  terminology  will  be 


defined.  There  has  been  some  confusion 
concerning  the  terminology  used  in  sensory 
psychology.  This  has  resulted  from  the  inability  to 
distinguish  clearly  between  closely  related  sensory 
functions  and  from  the  arbitrary  grouping  of  these 
functions  under  different  names,  depending  upon 
the  classification  scheme  used.  For  instance,  under 
the  term  somesthesis.  are  included  the  sense  of 
movement  (kinetheais)  mediated  by  joints, 
muscles,  and  tendons;  visceral  sensations,  touch, 
pressure,  and  other  skin  sensations.  The  term 
so  marie  tenses  is  also  used  in  reference  to  these 
senses  and  is  used  interchangeably  with 
somesthesis. 

To  confuse  the  issue  further,  we  have  the 
classification  by  Sherrington  (1906).  According  to 
this  scheme,  the  human  receptor  system  can  be 
divided  into  three  groups:  (1)  zxteroceptors, 
(2)  interoceptors,  and  (3)  proprioceptors. 

The  exteroceptors  mediate  such  sensibilities  at 
touch,  superficial  pain,  temperature,  tactile 
discrimination,  vision,  and  audition. 

The  interoceptors  underlie  general  and  special 
interoceptive  (visceral)  sensibilities.  General 
interoceptive  sensibility  includes  perception  of 
hunger,  thirst,  respiratory  movements,  and  visceral 
pain. 

The  proprioceptors  mediate  such  sensibilities  a* 
sense  of  position,  sense  of  movement,  pressure 
sense,  and  equilibrium.  The  proprioceptive  system 
may  be  divided  into  two  subclasses;  the  ; 
kinesthetic  and  the  vestibular.  Kinesthesia  (literally  ; 
“feeling  of  motion'')  refers  to  the  sensitivity  of  j 
movements  of  parts  of  the  boi \y  in  relation  to  the 
whole  (for  example,  arms,  legs,  tongue,  and 
eyeballs)  due  to  the  excitation  of  receptor  cells 
located  in  the  muscles,  tendons,  and  joints  of  the 
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body,  The  vestibular  sense  involves  the  perception 
of  spatial  movements  and  spatial  orientation  of  the 
body  as  a  whole,  due  to  the  excitation  of  receptor 
cells  located  in  the  non-auditory  labyrinth  of  the 
ttir  (Croso,  1967). 

*  THE  YESTIBULAR  SYSTEM 

The  sensory  information  which  conflicts  most 
frequently  with  visual  perception  is  that 
originating  in  the  vestibular  apparatus  of  the  inner 
ear.  This  apparatus  consists  of  two  sets  of  sensors, 
one  in  each  inner  car.  One  set,  the  semicircular 
cinals  referred  to  as  the  six  “spirit  levels”  of  the 
body  by  William  James  (1948)  acts  as  the  chief 
receptors  for  rotational  acceleration.  The  second 
set,  the  otolith  organs  (utricle  and  saccule), 
responds  primarily  to  gravity  and  linear 
acceleration.  The  semicircular  canals  and  otolith 
organs  interconnect  and  are  filled  with  a  fluid 
called  endolymph.  Currents  are  set  up  in  the 
endolymph  as  a  result  of  head  movements  and  the 
resultant  pressure  triggers  off  the  nerve  impulses. 
In  steady  rotation  the  semicircular  canals  become 
habituated  so  that  when  the  rotation  is  stopped,  a 
sensation  of  rotating  in  the  opposite  direction  is 
felt*  This  can  persist  for  a  relatively  long  time,  up 
to  30  seconds  or  more.  The  otolith  organs, 
however,  cannot  be  habituated,  and  as  tongas  the 
linear  acceleration  continues  it  will  he  sensed* 

Under  the  influence  of  complex  motion 
stimulus  there  appears  to  be  an  interaction  of 
linear  and  angular  accelerations  on  the  vestibular 
receptors.  In  such  situations  the  duality  of 
function  of  canal  and  otolith  mechanisms  becomes 
hsxy.  The  two  organs  no  longer  contribute 
separately  but  appear  to  behave  as  a  unit  in  sensing 
the  motion  stimuli  (Benson  and  Bodin,  1966). 
This  it  not  surprising,  considering  the  structural 
continuity  of  the  two  tensors.  There  is  evidence 
that  the  semicircular  canals  are  stimulated  to  some 
degree  by  position  and  linear  acceleration  (Wendt, 
1951).  In  addition  to  possible  vestibular 
cross-coupling  effects,  interactions  presumably 
take  place  between  the  vestibular  and  somesthetic 
senses  (Smode,  1971). 

The  vestibular  apparatus  senses  the  orientation 
and  movements  of  the  head,  then  stabilises  the 
eyes,  thereby  maintaining  clear  vision.  The  reflexes 
that  stabilise  the  eyes  during  head  movements  are 
the  results  of  the  united  control  of  the  muscles  of 
the  eyes  by  four  separate  aourccs:  vestibular, 
visual,  neck  muscle-receptor,  and  cortical  (Wendt, 
1951)* 


THE  VISUAL  SYSTEM 

The  visual  system  appears  to  lack 
proprioceptive  feedback  regarding  moderate 
motions  and  the  position  of  the  eyes.  The  exaef 
direction  of  gaze  of  the  eye  is  known  only  IrJ; 
reference  to  the  position  of  the  object  being 
observed  and  the  observer’s  orientation  in  space. 
In  the  absence  of  a  structured  field,  the  observer 
rapidly  loses  the  sense  of  direction  of  his  gaze.  An 
example  is  the  autokinetic  illusion-the  apparent 
motion  of  a  fixed  point  of  light  being  fixated  in 
the  dark. 

An  illusion  which  serves  to  illustrate  vividly  the 
interaction  between  the  visual  and  vestibular 
systems  is  the  oculogyral  illusion.  This  effect  is 
associated  with  prolonged  passive  rotation  and, 
like  the  autokinetic  illusion,  also  involves  apparent 
motion  of  a  visual  target.  Under  flight  conditions, 
it  is  difficult  to  differentiate  between  apparent 
motion  of  a  visual  target.  Under  flight  conditions 
that  resulting  from  autokinesis,  but  both 
contribute  to  disorientation  (Clark,  1963). 

Tiling  the  head  about  one  axis  while  it  is  being 
rotated  about  another  axis  (Coriolis  effect)  can 
modify  sensations  of  turning  and  cause  illusions 
(Stewart  and  Clark,  19^5).  Other  effects 
conducive  to  spatial  disorientation  are  listed  in 
table  1. 


THE  VISUAL  AND  MOTION 
CLOSED-LOOP  SYSTEM 

Many  experimental  studies  have  tried  to  prove 
that  in  making  spatial  judgments,  more  reliance  is 
placed  on  visual  than  on  proprioceptive  cues  or 
vice  versa.  However,  a  survey  of  the  literature, 
particularly  the  studies  of  Wilkin  and  Asch  (1948), 
Indicate  that  both  senses  interact  to  the  extent 
that  the  result  is  a  derivative  of  their  combined 
actions.  When  the  two  senses  arc  in  accord, 
perception  of  spatial  orientation  is  correct*  When 
the  sensations  are  in  conflict,  however,  the 
outcome  is  •  compromise.  The  perception  is  then 
unstable  and  incorrect. 

The  human  organism  stimulates  himself  as  he 
acts,  and  this  stimulation,  in  turn,  affects  his 
action.  The  process  is  circular  and  has  been  ^ 
compared  to  the  feedback  of  servomechanisms  * 
(Wiener,  1961).  In  the  wo;ds  of  Norbert  Wiener, 
*The  central  nervous  system  no  longer  appears  as  a 
self-contained  organ,  receiving  inputs  from  the 
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TABLE  1.  FLIGHT  SITUATIONS  CONDUCIVE  TO  DISORIENTATION 


Actual  situation 

Subjective  experience 
(false  perception) 

Cause  7:* 

t 

Level  turn 

Straight  flight 

Rate  of  change  is  insufficient 
to  stimulate  semicircular  canals. 

Level  turn 

Ascent 

Resultant  forces  on  otoliths 
are  equivalent  in  both  situations 

Recovery  from  a  level  turn 

Descent 

Resultant  forces  on  otoliths 
are  equivalent  in  both  situations 

Protracted  turn 

Straight  and  level 
flight 

Rate  of  change  insufficient 
to  stimulate  semicircular  canals. 

Left  turn  and  head  is  bent 
forward  suddenly 

Falling  to  right 

Stimulus  is  resultant  of  com¬ 
bined  motions  (Coriolis  effect). 

Skidding  in  a  flat  turn 

Banking  in  opposite 
direction 

Resultant  forces  on  otoliths 
are  equivalent  in  each  case. 

Maintenance  of  straight  and 
level  flight  by  successive 
corrections 

Gradual  turning 

Rotary  stimuli  from  yawing 
actions  are  cumulative  due  to 
cndolymph  inertia. 

Straight  and  level  flight 
parallel  to  another  aircraft 
but  at  difierent  speed 

Turning 

Misinterpretation  of  resulant 
of  the  two  motions. 

Straight  and  level  flight 
at  night  approaching  a 
row  of  ground  lights  at  an 
angle  to  the  direction  of 
flight 

Tilting  or  banking 

i 

Misinterpreting  the  row  of 
tights  as  the  true  horiion  dead 
ahead. 

Level  flight  after  a  slow 
recovery  from  sudden 
roll 

Continuing  tilt  and  lean 
in  opposite  direction  to 
compensate  (‘‘The 
leans”) 

Rate  of  change  u  not  suffi¬ 
cient  to  stimulate  perception 
of  recovery  movement 

Ascent  or  descent  be¬ 
tween  two  cloud  tanks. 

Aircraft  attitude  tilted 
from  true  horn  on  til. 

Level  of  flight 

Erroneous  use  of  a  ritled 
cloud  layer  as  the  horiion 
reference 

Gradual  ascent  or  descent 

4 

Level  flight 

Forces  are  not  sufficient  to 
stimulate  otoliths. 
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TABLE  1.  FLIGHT  SITUATIONS  CONDUCIVE  TO  DISORIENTATION  (Cont’d) 


i  Actual  situation 

Subjective  experience 
(false  perception) 

Cause 

r 

* 

Sow  hank 

Level  flight 

Force*  are  not  sufficient  to 
stimulate  otoliths* 

Bank,  correctly  shown  by 
attitude  indicator 

Tilt  in  opposite  direction 
and  increase  true  angle 
excessively  in  attempt  to 
comet 

Reversal  of  figure-ground 
relationships  of  attitude  indi¬ 
cator  resulting  in  control 
response  to  h onion  bar 
instead  of  miniature  aircraft 

Approaching  a  fixed 
external  light  (e.gM  tUr 
or  beacon 

Approaching  or  following 
a  moving  light  (e*gM  tail 
fight  of  other  aircraft) 

Autokinetic  illusion 

Approaching  fixed 
external  object 

Object  is  approaching 

Misinterpretation  of  relative 
motion 

Approaching  the  lights  of 
two  aircraft  which  are 
separating  rapidly 

One  aircraft  approaching 

Visual  cues  from  angular 
separation  art  equivalent  in 
both  ablations* 

Following  lights  of  two 
aircraft  in  parallel 

Sight 

Seeing  one  aircraft  which 
will  be  near  or  distant 
depending  on  amount  of 
separation 

Visual  cues  from  angular 
separation  are  equivalent  in 
both  situation*. 

Approaching  familiar 
terrain 

Approaching  strange  * 
terrain 

Temporary  dissociation  or 
impairment  of  memory, 
fatigue. 

Approaching  strange 
kfnin 

Approaching  familiar 
terrain 

Temporary  dissociation  or 
impairment  of  memory, 
fatigue. 

Propeller  rotating 
normally  during  moonlit 
night  (light 

Propeller  standing  still 
during  moonlit  night 

High* 

Stroboscopic  Illusion  produced 
by  moonlight  streaming 
through  propeller  blades  and 
reflecting  back  onto  propeller 

Flight  i«  propeller-driven 
aircraft  or  helicopter 

•  i 

!  Disorientation  ranging 

from  mild  irritation  to 
nausea;  even  complete 
confusion  and 
unconsciousness 

Flicker  vertigo  caused  by  sun* 
fight  streaming  through  idling 
propeller  or  helicopter  blades. 
(Light  flashes  at  •  frequency 
between  seven  and 
thirteen  Ha.) 

Source:  Modified  after  Vinacke  (1947) 
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senses  and  discharging  into  the  muscles.  On  the 
contrary,  some  of  its  most  characteristic  activitie* 
are  explicable  only  as  circular  processes,  emerging 
tom  the  nervous  system  into  the  muscles,  and 
®e*entering  the  nervous  system  through  the  sense 
<Jgana,  whether  they  be  proprioceptors  or  organa 
of  the  special  senses*"  The  interdependence  of 
the  spatial  behavior  of  the  body  with  visual  and 
proprioceptive  motion  feedback  is  shown  in 
figure  1* 

The  importance  of  the  integration  of  these 
three  feedback  loops  is  dramatically  shown  by 
persons  suffering  from  ataxia,  a  disorder 
characterized  by  a  marked  disturbance  in  the 
coordination  of  voluntary  movements.  A  person 
afflicted  with  locomotor  ataxia  cannot  walk 
without  constantly  looking  at  his  feet  and  the 
ground.  If  blindfolded  he  cannot  walk,  or  even 
stand.  Such  a  person  has  lost  an  important  part  of 
his  kinesthetic  sense  and  must  depend  on  his 
vestibular  and  visual  senses  to  guide  his  actions. 

Figure  1  may  be  expanded  to  illustrate  the 
man/machine  relationship*  in  a  simulator 
incorporating  a  visual  display  and  a  motion 
system,  as  shown  in  figure  2.  By  reference  to  this 
diagram  it  can  be  seen  that  the  operator  of  a 
simulator  which  incorporates  a  visual  display  and  a 
motion  system  has  three  primary  inputs;  visual, 
kinesthetic,  and  vestibular. 


THE  CONTROL  TASK 

In  piloting  tasks,  visual  observation  of 
instrument  £anel  displays,  the  external  environment 
as  seen  from  the  cockpit,  and  sensations  of  motipn 
provide  the  primary  cues  upon  which  the  pilot  bas^ 
his  motor  responses.  Variations  in  the 
gravitational-inert iaj  forces  affect  the  pilot  through 
the  motion  sensors  of  his  vestibular 
system.  The  pilot  s  visual  function  and  his  sense  of 
orientation  are,  in  turn,  affected  through  these 
sensors.  As  a  result  of  the  interconnection  of  the 
vestibular  and  oculomotor  control  systems,  effects 
produced  on  the  pilot**  visual  system,  in  turn, 
influence  the  response  of  his  vestibular  system  and 
his  sense  of  orientation  (Peten,  1969).  The 
interplay  between  these  two  anatomical  systems 
finally  results  in  the  effective,  or  ineffective, 
control  of  the  aircraft  or  flight  simulator.  It  is  this 
interplay  between  visual  and  motion  cues  that 
makes  the  simulation  problem  particularly 
difficult.  In  analyzing  a  specific  flight  situstion,  It 
is  important  to  differentiate  between  the 
visually-induced  effects  and  those  resulting  from 
motion.  Then,  it  must  be  known  how  these  cues 
react  in  combination.  In  cases  where  both  viiual 
and  motion  cues  are  being  presented 
simultaneously,  unleu  the  cues  are  realistic  in  both 
relative  intensities  and  temporal  factor*,  their 
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interactions  may  provide  contradictory 
information  and/or  produce  effects  which  are  not 
representative  of  the  operational  situation  being 
simulated. 

ILLUSIONS  AND  SPATIAL 
DISORIENTATION 

The  illusions  experienced  in  flight  arise 
primarily  from  stimulation  of  the  vestibular 
system  and  from  visual  phenomena.  Illusions 
arising  from  visual  phenomena  refer  to  illusory 
perceptions  of  orientation  or  motion  resulting 
from  erroneous  interpretation  of  visual 
information*  are  distinguished  from  visual 
phenomena  caused  by  compensatory  eye 
movements  and  eye  reflexes  caused  by  stimulation 
of  the  vestibular  system. 

Research  in  vestibular  physiology  has  shown 
the  importance  of  the  vestibule  in  producing 
motion  richness  and  spatial  disorientation.  An 
example  of  this  is  shown  by  the  fact  that  those 
deaf  people  who  show  no  vestibular  sensitivity  do 
not  get  rick  (Wendt,  1951)  and  are  leu  susceptible 
tb  disorientation  than  nomuf  individuals  (James, 
1948),  (Olive,  1969). 

A  study  correlating  physical  and  medical  data 
from  1,000  aviaton  over  a  20*yea*  period  was 
made  by  the  American  Institute  of  Biosciencet 
(Olive,  1969).  An  analysis  of  the  data  indicated 


that  disorientation  and  vertigo  are  responsible  for 
early  problems  of  failure  of  flight  training,  and  for 
many  aircraft  accidents,  and  that  with  increasing 
age,  problems  of  disorientation  and  vertigo 
increase. 

Peters  (1969)  states  that  although  kinesthetic 
and  auditory  perceptions  axe  involved  in  some 
illusions,  they  are  of  secondary  importance.  The 
issue  is  complicated,  however.  There  u  evidence  to 
indicate  that  humans  can  detect  linear  motion 
more  accurately  by  the  kinesthetic  senses  than  by 
the  vestibular.  Although  there  is  little  doubt  that 
the  vestibular  apparatus  provides  considerable 
information  on  linear  acceleration,  a  simple 
experiment  will  show  that  these  are  limited  in 
their  application.  Armstrong  (1952)  has  described 
the  experiment  as  follow*:  MIf  the  head  is  turned 
on  its  vertical  axb  90  degrees  to  the  left  or  right 
and  the  body  subjected  to  a  forward  linear 
acceleration,  the  labyrinth  should  be  stimulated  in 
such  a  manner  that  the  motion  would  be 
interpreted  as  being  lateral  instead  of  forward. 
Actually,  this  does  not  occur,  the  body  motion 
being  correctly  interpreted,  and  this  must  arise 
from  somatic  sensibilities.  This  somatic  sensing  of 
motion  hat  been  recognised  for  years  by  pilots 
who  aptly  referred  to  it  as  'flying  by  the  seat  of 
the  pants'." 

Further  evidence  of  how  sensory  Interaction 
can  affect  perception  has  been  demonstrated  by 
experimentation.  Wapner,  Wtmer,  and  Chandler 
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(1951)  had  subjects  aline  a  luminous  rod  to  the 
gravitational  vertical  in  a  dark  room.  It  wu  found 
that  if  a  loud  tone  was  presented  to  one  ear  or  if 
the  chair  was  tilted  approximately  30  degree*  from 
the  vertical,  the  rod  was  misalined  by  several 
degrees.  Apparently,  auditory  or  kinesthetic  input* 
influence  perception  of  the  vertical. 

The  inability  of  the  mind  and  body  to 
differentiate  clearly  between  sensation*  arising 
from  different  sensory  organs  is  not  necessarily 
detrimental  to  simulator  design.  It  can  sometime* 
be  helpful  in  providing  illusions  of  realism.  An 
example  is  in  the  use  of  a  dynamic  teat,  al*o 
referred  to  as  a  G-seat.  This  device  is  designed  to 
produce  a  feeling  of  motion  by  controlled  pressure 
redistributions  across  the  contact  surfaces  between 
the  body  and  the  seat.  The  pressure  variations  can 
be  produced  by  pneumatic  or  hydraulic  inflation, 
direct  mechanical  deflection,  or  changes  in  tension 
of  the  seat  covers.  The  sequence  and  magnitude  of 
the  pressures  can  be  computer-controlled  to 
amulate  the  somatic  cues  experienced  during 
particular  maneuver*.  As  it  is  in  (respectively 
difficult  to  distinguish  vestibular  from  somesthetic 
sensations,  this  approach  has  been  proposed  as  an 
inexpensive  solution  to  the  problem  of  simulating 
motion  in  a  training  device. 

SPATIAL  ORIENTATION  TRAINING 

A  major  causal  facto?  of  avia tiom instrument, 
weather  accidents  is  apatial  disorientation.  This 
generally  occur*  when  the  pilot  unexpectedly  lose* 
visual  reference  to  the  ground,  horiton,  ora  cloud 
layer,  and  aa  a  result  loses  control  of  the  aircraft. 
Some  flight  situations  in  which  disorientation  may 
occur  are  listed  in  table  1. 

SIMULATOR  SICKNESS 

A  factor  which  favor*  the  inclusion  of  motion 
m  part  of  a  total  simulation  system  is  the 
inhibition  of  simulator  sickness.  It  hat  been 
observed  that  symptoms  rtsembling  motion 
tic  knew  develop  when  operating  simulator*  that 
include  a  visual  system  providing  apparent  motion 
without  accompanying  real  motion.  It  has  been 
suggested  that  the  attempt  to  interpret  the  mual 
cues  in  the  absence  of  corresponding  physical 
motion  cue*  is  one  source  of  conflict  that 
producea  this  effect.  This  cannot  be  the  case 


according  to  Gibson’s  (1950)  theory,  which 
postulate*  that  the  absence  of  cue*  doe*  not 
constitute  a  conflict  of  cue*.  An  example  m 
support  ofc  this  ia  that  the  absence  of  some  cue* 
inhibits  motion  sickneas,  a*  ahown  by  the  fast 
(mentioned  earlier)  that  deaf-mute*  lacking 
vestibular  perception  do  not  get  motion  tick* 
However,  we  are  not  really  considering  the  absence 
of  cue*.  There  are  inertial  stimuli  which  tell  the 
individual  that  he  is  not  moving,  despite  the  visual 
cue*  which  imply  motion  and/or  a  change  in  this 
vertical  reference.  This  seems  to  be  where  the 
conflict  arise*.  Experience  has  shown  that  in  that 
it  1*  not  the  visual  illusion  of  motion  par  sc,  but 
the  visual  sensation  of  apparent  acceleration 
and/or  chan£t  in  direction  which  trigger*  off  the 
initial  feeling  of  discomfort.  Witkin  (1949),  in  a 
rotating  room  experiment,  indicated  that  the 
greatest  discomfort  occurred  at  the  point  of 
reversal  of  direction  of  movement,  that  ia,  at  the 
position  of  greatest  angular  acceleration.  This 
should  not  be  surprising  as  the  inner  ear  a 
extremely  sensitive  to  any  force  acting  on  the 
body  (gravity,  for  example)  and  to  any 
acceleration  of  the  body,  but  t*  not  sensitive  to 
uniform  motion.  One  might  hypothesise  that  the 
cause  is  related  to  the  increase  in  neural  activity 
from  eye  movements  following  a  changing  visual 
•eene  which  is  contrasted  with  the  static 
physiological  cue*  from  the  proprioceptive  system. 
However,  it  is  generally  very  difficult  to  isolate  the 
causes  of  simulator  sickneas  snd  it  ia  even  possible 
to  develop  simulator  sickness  in  a  static  situation 
such  as  in  a  room  tilted  from  the  inertial  vertical. 
According  to  Steele  (1963),  in  these  cases  of 
visually  induced  symptoms,  the  cause  appear*  to 
be  over-stimulation  of  the  inner  ear. 

The  following  hypotheses  are  some  that  have 
been  advanced  in  an  effort  to  explain  simulator 
•ckneas: 

1.  Conflict  between  the  apparent  motion  seen  on 
the  visual  display  and  lack  of  any  corresponding 
real  motion  of  the  simulator. 

2.  Optica]  distortion  (both  Static  and  dynamic) 
in  the  visuai  display,  particularly  of  vertical 
objects;  the  synthetic  presentation  of  a  vkutl 
scene  which  is  a  distorted  representation  of  a  real 
environment. 

3.  Poor  resolution.  J 

4.  Rapid  change*  in  brightness  (flicker). 

5.  Wide  field  of  view, 

6.  A  highly  structured  visual  field  (too  much 
detail). 
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7.  A  poorly  structured  field  combined  with 
peripheral  flicker. 

8.  Excessive  lag  between  simulator  control  and 
corresponding  movement  in  the  visual  display. 

9.  High-frequency  vibration*  which  disrupt 
accommodation. 

10.  Projection  4creen-to-observer  distance 
insufficient  for  infinity  focua  of  the  eye*, 
producing  conflict  between  actual  distance  of  the 
display  and  the  apparent  distance  of  the  *cene. 

Items  6  and  7,  above,  appear  somewhat 
contradictory.  This  may  have  resulted  from 
different  interpretations  of  the  term  "structured 
field.”  Benfari  (1964)  reported  that  vertigo  was 
most  common  whtn  there  was  a  combination  of  a 
poorly  structured  field  and  peripheral  flicker.  He 
found  that  motion  and  flicker  could  be  integrated 
in  a  highly  structured  field  without  inducing 
vertigo.  Benfari  aka  found  that  flicker  or  poor 
structure  by  itself  had  no  apparent  effect.  In  his 
report,  a  poorly  structured  field  was  defined  at: 
"(a)  having  a  figure -ground  contrast  ratio  of  leaa 
than  2:1,  (b)  having  poorly -articulated  objects  in 
the  field,  (c)  lacking  a  definite  frame-of-rtferenct 
such  as  an  horizon  or  vertical  border,  and 
(d)  having  a  relatively  homogeneous  textural 
gradient.” 

An  important  factor  in  these  experiments  was 
that  «  165-degrce  einedome  projection  screen  was 
used.  Thb  wide-angle  screen  produced  a 
"compelling  illusion  of  confinement  by  the 
boundaries  of  the  visual  field.  Subjects  who  stood 
outside  the  boundaries  of  the  einedome  were  not 
affected  as  strongly  by  the  vertigo  inducing 
stimuli”  (Benfari,  1964).  Items  6  and  7  are, 
therefore,  related  to  item  S  (wide  field  of  riew), 
and  it  is  apparent  that  most  of  the  factors  listed 
above  art,  generally,  mterrelit--d. 

When  a  definite  f *?**>'.  v*  reference  it  milring,  it 
is  difficult  to  dbtinguun  the  visual  field  from  what 
Gibson  calls  the  "visual  worid.”  Gibson  slate*  that, 
"In  some  flying  maneuver*,  in  amusement  park 
devices,  in  a  special  type  of  vertigo,  and  in  a 
number  of  experimental  situations,  the  ritual 
world  and  the  visual  field  cannot  be  distinguished 
from  one  another  and  s^me  illusory  frame  of 
reference-*  oon-grsvitationaJ  vertical-may  then 
dominate  perception.  The  experience  is 
disconcerting  and  unpleasant.  It  is  in  those 
situations  that  one  lose*  equilibrium.” 

In  two  independent  studies  conducted  on  the 
2FH2  Hover  Trainer  (Bell  Helicopter  Simulator) 
the  first  investigators  (Ha won  and  Butler,  1957) 


concluded  that  the  basic  problem  resulted  from  a 
conflict  between  visual  and  proprioceptive  cue* 
due  to  a  lack  of  cockpit  motion.  The  second  team 
(Miller  and  Gofcdson,  1958)  concluded  that  the 
basic  problem  was  caused  primarily  by  conflicting 
visual  cues  produced  by  a  combination  of  several 
optical  distortions  in  the  display. 

A  similar  situation  wai  encountered  in  an 
automobile  driving  simulator  manufactured  by  the 
Goodyear  Aerospace  Corporation,  in  use  at  the 
Injury  Control  Research  Laboratory,  U.S.  Public 
Health  Service,  in  Providence,  Rhode  Island.  Many 
subjects  (40  to  50%)  experienced  simulator 
sickness  on  this  device,  and  the  cause  was  generally 
attributed  to  the  lack  of  a  motion  system. 
However,  it  was  noticed  that  the  optical  pickup 
and  vidicon  camera,  which  were  suspended  on  the 
end  of  i  movable  carriage  above  an  87:1  (HO 
gauge)  scale  terrain  model,  vibrated  as  the  gantry 
moved  about.  Thb  vibration  was  magnified 
through  the  optical  relay  system  and  transmitted 
to  the  projection  screen.  Although  the  picture 
jitter  was  not  too  obvious,  the  observer's  eye*  were 
constantly  shifting  in  an  effort  to  stabilize  the 
scene.  It  was  subsequently  believed  that  this  was 
the  cause  of  the  simulator  sickness,  rather  than  the 
Isck  of  real  motion.  Coincidentally,  on  the  2FH2 
Hover  Trainer  there  wss  also  picture  jitter 
produced  when  executing  s  turn  or  other  abruptly 
changing  maneuver.  Subjects  reported  thb  as  a 
contributing  factor  to  the  simulator  sickness 
experienced  on  thb  device,  However,  since  picture 
jitter  coincided  with  the  turning  or  other  sudden 
maneuver,  it  could  have  been  the  illusion  of 
acceleration  due  to  the  simulated  maneuver,  rather 
than  the  jitter,  which  produced  the  feeling  of 
malaise.  It  would  appear  difficult  to  isolate  the 
cause  in  thb  case.  Another  possibility*  is  that  jitter 
and  the  apparent  acceleration  were  both 
contributing  factor*. 

Recently,  a  new  gantry  drive  mechanism,  which 
virtually  eliminated  picture  jitter,  was  installed  on 
the  Goodyear  driving  Emulator  but  simulator 
aickneas  persists  in  the  device.  The  Injury  Control 
Research  Laboratory  plans  to  incorporate  a 
dynamic  seat  into  the  simulator,  which  will  move 
during  acceleration,  braking,  and  turning,  in 
further  efforts  to  eliminate  the  problem  (Lewis, 
1969). 

An  interesting  aspect  of  the  2FH2  Hover 
Trainer  study  was  that  a  higher  percentage  of 
instructors  became  rick  (60%)  than  studenta  (12%) 
(Miller  and  Goodaon,  1958).  Three  hypotheses 
were  offered  to  account  for  thb: 


RECOMMENDATIONS  AND 
RESEARCH  ISSUES 

1.  Before  incorporation  of  a  motion  system  for 
the  sole  purpose  of  preventing  simulator  sickneia, 
it  rmit  be  definitely  ruled  out  that  the  problem  ia 
not  strictly  a  visual  one.  If  it  U  a  discrepancy  in 
the  presentation  of  visual  cue*  (distortion)  the 
addition  of  motion  will  not  remedy  the  situation 
and  may  only  aggravate  it.  Hall  and  Parker  (1967) 
reported  that  in  one  Air  Force,  high-performance, 
ttctical  aircraft  simulator  (without  a  visual 
display)  the  motion  system  was  not  used  often 
because  it  was  unnecessary  for  what  it  taught  and 
it  tended  to  make  the  student s  ranueow  (motion 
sick). 

2.  Experimental  studies  should  be  conducted  to 
provide  conclusive  evidence  to  support  (or  reject) 
some  of  the  hypotheses  that  have  been  advanced 
regarding  aimulator  rickncas.  A  relatively 
Straightforward  study  which  may  yield 
information  of  practical  importance  is  one  which 
would  contact  the  effects  of  a  dynamic  visual 
system  with  and  without  real  motion.  It  would 
attempt  to  ahow  that  the  sickness  produced  by  the 
perception  of  apparent  motion  on  a  visual  display 
can  be  negated  by  the  addition  of  real  motion. 
Stnacori’s  (1969)  validation  study  of  ground-besed 
simuittion  attacked  this  problem  as  a  side  issue. 
Unfortunately,  only  one  subject  was  used  in  the 
primary  evaluation,  and  as  the  susceptibility  to 
simulator  sickness  shows  wide  individual 
differences,  R  would  appear  premature  to  make 
generalisation!  based  on  the  results  derived  from  a 
small  sample.  Continuation  of  thia  experimental 
work,  using  a  Urge  sample  of  both  experienced 
and  inexperienced  pilots,  should  be  encouraged. 

3.  A  »tudy  should  be  conducted  to  determine  the 
effects  of  wide  versus  narrow  field  of  view  display* 
*9  a  contributing  factor  to  simulator  sickness*. 

4  It  may  be  found  that  visually-induced 
(apparent)  motion  and  real  motion  cannot  be 
“mixed,"  but  that  the  real  motion  must 
accompany  the  apparent  motion  synchronously  in 
order  to  avoid  simulator  sickness.  Viau  ally -induced 
uniform  motion  m*y  be  an  exception. 

5,  Detailed  measurements  of  pilot  head  and  eye 
movements  during  various  stage*  of  fixed  and 
moving  base  «mulationa  should  be  made  and 
compared  with  flight  data.  This  type  of 
favwtigttion  may  provide  an  explanation  0f  the 
function  of  the  ocular  counter-roll  reflex  and  ita 
relation,  if  any,  *o  aimulator  sickness. 


6.  Pilot  instrument  training  ia  a  known  technique 
for  preventing  or  recovering  from  spatial 
disorientation.  In  addition  to  instrument  training, 
ipatial  orientation  training  should  be  employed  to 
familiarize  the  pilot  with  the  cause#  of  the  illusion# 
experienced  during  disorientation,  and  to  train 
him  on  countermeasures  to  prevent  or  overcome 
the  effects  of  the  misleading  cues  which  cause  the 
phenomenon, 

7.  Physical  training  is  another  area  which  merits 
consideration.  Vestibular  training  by  Soviet 
cosmonauts  made  it  possible  to  raise  their 
vestibular  atability.  Passive  exercises  were 
conducted  several  times  a  week  alternated  with 
special  active  exercises  as  par*-  of  genera!  physical 
training.  All  cosmonaut  showed  higher  vestibular 
tolerances  to  rotation  after  training  (Yuganov, 
ct  aIM  1966). 

SUMMARY 

No  sensory  system  is  completely  bolated  from 
the  others.  As  a  result,  simultaneous  stimulation  of 
ecveral  sense*  will  produce  an  interactive  effect. 
The  crgtni ration  by  the  nervous  system  of  various 
sensations  into  meaningful  perceptions  it  an 
extremely  complex  process.  It  t*  not  strange, 
therefore,  to  find  that  at  time*  *here  are 
misinterpretations  of  cue*  leading  to  false 
perceptions. 

The  sensations  which  conflict  most  frequently 
with  ritual  parccptions  are  those  originsting  in  the 
vestibular  system  of  the  inner  ear.  Sensory 
interactions  between  the  visual  and  vestibular 
apparatus  are  very  Important  to  consider  In 
simulator  applications  which  couple  a  visual 
t&phsy  to  a  motion  system. 

There  are  three  genera!  type*  of  acceleration: 
linear,  angular,  and  redial.  The  vrstibular  system 
aervci  to  sense  these  accelerations  in  conjunction 
with  the  somatic  sensea.  Although  the  eye#  are 
stabilized  by  inputs  from  the  vestibular  apparatus, 
the  visual  system  appear#  to  lack  proprioceptive 
feedback  of  its  own.  The  direction  of  gaxe  ia 
known  only  by  reference  to  what  is  being  looked 
at.  In  the  presence  of  a  well-structured  visual 
display,  therefore,  the  visual  mode  will  be  the 
primary,  overriding  input.  With  a  poor  visual 
reference,  however,  the  motion  cue#  will  tend  to 
take  priority.  In  situation*  where  the  visual  and 
motion  inputs  are  sensed  as  being  equally 
demanding,  they  will  be  reinforcing  or 
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1.  Subjects  are  more  prone  to  become  sick  when 
sitting  as  passengers  than  when  they  are  actually 
“flying"  the  simulator  (students  had  the  controls 
t^e  majority  of  the  time).  The  fact  that  vehicle 
Operators  rarely  become  sick  and  passengers  often 
do  can  be  explained  by  the  conflict  of  cues 
hypotheses.  As  the  operator  receives  direct 
feedback  from  the  vehicular  controls  (Barrett  and 
Thornton,  1968),  and  is  also  in  an  optimum 
position  for  viewing  the  outside  environment,  he 
can  anticipate  what  is  to  happen  and  doe*  not 
experience  conflict.  On  the  other  hand,  the 
passenger  who  does  not  have  these  reference*  may 
become  ill. 

2.  Visual  distortion  is  more  apparent  to  an 
experienced  pilot,  who  is  continually  sr- ruling  the 
scene,  than  to  a  student  who  tends  to  fixate  on  a 
particular  area  of  the  screen.  Yet  in  order  to 
reduce  the  tendency  to  experience  vertigo, 
Sinacori  (196?)  instructed  Ha  simulator  pilots  to 
Swan  the  total  display  frequently  and  to  avoid 
staring  at  a  particular  point  on  the  display.  This  ie 
but  one  of  the  many  paradoxes  to  Le  found  in  the 
literature  of  simulator  sickness. 

3.  There  was  probably  no  cue  conflict  foi  the 
Student  pilots,  since  they  had  not  learned  the 
specific  motion  cues  which  t re  characteristic  of 
helicopter  operation.  Conversely,  the  instructor 
pilot*  experienced  cue  conflict  a*  a  result  of  the 
absence  of  the  proprioceptive  sensation*  which 
they  had  been  highly  trained  to  interpret  and 
respond  to.  Fitts  (1951)  found  that  visual  control 
k  very  important  while  an  individual  ls  learning  a 
new  perceptual-motor  task  but  is  performance 
becomes  habitual,  proprioceptive  feedback  or 
“feel"  become*  more  important.  This  is  readily 
apparent  In  learning  to  typewrite,  to  play  • 
musical  instrument,  and  in  learning  many  other 
skills. 

Habituation  is  also  a  factor  applicable  to 
simulator  sickness.  In  some  cases,  instructors  may 
find  that  they  adapt  to  the  simulator  after  gaining 
experience  in  operating  the  device,  and 
subsequently  will  not  suffer  any  ill  effects.  As  an 
Aid  to  reducing  the  effects  of  simulator  sickness  in 
A  point  light  source  simulator,  Sinacori  (1967) 
recommended  the  following  procedures: 

1.  Wearing  eyeshade*  which  prevent  direct  light 
and  extraneous  reflections  from  entering  the 
pilot's  eyes. 


2.  Instructing  the  pilot  to  close  his  eyes  during 

startup  and  shutdown  procedures  when 
exaggerated  simulator  visual  motion  occurs.  * 

3.  Frequent  rests.  “ 

4.  Frequent  scanning  of  the  total  display  and 
avoidance  of  staring  at  a  particular  point  during* 
precision  hover  or  maneuver. 

5.  Instill  high  motivation  in  the  pilot 

A  study  by  Northrop  Norair  Division  (Sinacori, 
1969)  addressed  itself  to  the  issue  of  simulator 
sickness  as  part  of  an  investigation  to  determine  a 
ground-based  simulator1*  capability  to  produce 
data  representative  of  visual  flight  A  jet-lift 
V/STOL  alv craft  simulator  using  a  point  light 
touree  visual  display  with  a  rotational,  3  degree  of 
freedom  inotiou  base,  t*a$  used  as  the  test  vehicle. 
Fixed  base  operation  of  this  simulator  induced 
pilot  nausea  and  reduced  pilot-vehicle  performance. 
Use  of  the  motion  system  greatly  reduced  or 
eliminated  the  nausea  and  produced  results 
comparabic  with  flight  results. 

Another  in t creating  aspect  of  this  study  was  t;<e 
attention  paid  to  head  movements  which  were 
found  to  be  related  to  vehicle  motions. 
Measurements  showed  that  compensatory  head 
movements  occurred  during  lateral  quick-stop 
maneuvers  when  peak  bank  angles  exceeded  5  to  6 
degrees.  The  head  counter-rolled  in  order  to 
reduce  the  total  inertial  rolling  of  the  head  during 
moving  base  operation.  During  fixed  base 
Operation,  the  head  movement  was  reversed;  the 
head  tended  to  follow  the  visual  scene  which 
moved  in  the  opposite  direction  to  what  the  real 
motion  would  have  been.  The  same  pattern  of 
head  movements  shown  during  moving  base 
operation  was  observed  by  Sinacori  for  five  other 
pilots  while  they  performed  the  same  task  during 
flight  in  a  helicopter. 

Head  movements  may  have  some  bearing  on  the 
higher  incidence  of  sickness  involved  with 
wide-angle  visual  displays  as  compared  to  displays 
having  narrow  fields.  However,  wide-angle  displays 
usually  have  more  distortion  than  narrow-field 
displays,  and,  possibly  more  important,  the  pilot 
loses  all  sense  of  a  stable  reference  In  a  wide  angle 
system  since  the  edge*  of  the  projection  screen  are 
not  in  the  immediate  field  of  view.  Which  of  these 
three  factors  is  the  most  important -heard 
movements  necessary  to  scan  a  wide  field, 
distortion,  or  Ioas  of  a  stable  reference?  Or,  do 
they  ail  interact  to  produce  vertigo? 
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contradictory  depending  upon  whether  the  cues 
are  in  or  out  of  phase. 

In  conclusion,  it  may  be  stated  that  effective 
Straining  design  requires  that  the  significance  of  cue 
^interactions  be  established.  Investigator*  can  be 
^misled  by  trying  to  extrapolate  the  results  of 
iingl  ^variable  experiments  to  complicated 
applications  where  many  variables  are  present. 
Care  must  be  taken  to  incorporate  into  the 
training  device  not  only  the  stimuli  required  for 
training  in  specific  tasks,  but  the  essential 
combinations  of  stimuli  as  well.  In  addition,  it  is 
important  that  the  perceived  pattern  of  cue 
combinations  actually  represent  those  of  the 
operational  environment. 
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ABSTRACT 


Fifteen  women  and  sixteen  men  were  given  a  10- 
oinute  'ride'  in  •  fixed-bane  car  simulator  with  a 
moving  visual  display  (Sim-L-Car) •  These  exposures 
were  standardised,  and  included  a  considerable  amount 
of  implied  (but  not  actual)  vestibular  stimulation. 
Approximately  one  half  of  the  subjects  wore  'blinkers' 
which  restricted  their  field  of  view  to  the  dynamic 
visual  display.  The  principal  findings  were: 

(l)  Some  measurable  decline  in  well-being  was  reported 
by  28  of  the  Jl  subjects;  (2)  Women  were  significantly 
more  susceptible  than  men;  (J)  Both  previous  passenger 
and  car  driving  experience  correlated  positively  with 
the  degree  of  disturbance  produced  by  the  simulator; 
but  driving  experience  appeared  to  exert  the  greatest 
influence  upon  susceptibility;  and  (4)  Exclusion  of 
the  static  features  of  the  field  of  view  appeared  to 
have  no  effect  upon  susceptibility.  These  results 
were  interpreted  in  the  light  of  the  'sensory 
rearrangement'  theory  of  motion  sickness. 


Motion  sickness  susceptibility;  simulator  sickness  susceptibility; 

sensory  conflict. 
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Xt  is  now  well  established  that  a  form  of  motion  sickness, 

i.  > 

sometimea  called  ’simulator  sickness',  can  be  produced  by  the  operation 
of  fixed-base  vehicle  simulators  incorporating  an  appropriately  mowing 
visual  scene  (Hiller  It  Goodson,  I960;  Sin ocori,  1968;  Barrett  It 
Thornton,  1968)#  One  explanation  for  this  phenomenon  has  been  provided 
by  the  ’sensory  rearrangement'  theory  of  motion  sickness  (Reason,  1970; 
Season  It  Bias,  1970)  which  argues  that  the  essential  provocation  comes 
from  a  mismatch  between  the  total  pattern  of  information  being 
signalled  by  the  basic  orientation  senses  -  the  eyes,  the  vestibular 
system,  and  the  non-vestibular  proprioceptors  -  and  that  held  in  store 
from  previous  stimulus  exposures*  Thus,  motion  sickness  is  thought  to 
be  triggered  by  a  conflict  between  the  prevailing  inputo  from  the 
spatial  senses  and  those  expected  on  the  basis  of  prior  experience; 
with  the  all-important  proviso  that  the  current  sensory  influx  must 
include  a  changing  velocity  stimulus  of  the  sort  normally  detected  by 
the  vestibular  castes* 

Within  the  terms  of  this  theory,  simulator  sickness  is  presumed 
to  arise  from  the  absence  of  vestibular  signals  in  the  presence  of 
visual  information  which,  in  conditions  of  actual  vehicle  motion,  would 
be  accompanied  by  corroborating  signals  from  the  semicircular  canals 
or  otoliths  as  well  as  from  the  non-vestibular  proprioceptors.  The 
basic  assumption  that  simulator  sickness  is  due  to  the  unfulfilled 
expectations  of  s  vestibular  input  crested  by  the  seen  motion  is 
partially  borne  out  by  the  experimental  finding  (Hiller  1  Goodson,  op 
cit)  that  experienced  vehicle  operators  ere  considerably  more 
susceptible  to  this  disorder  than  trainees,  or  those  with  little  or  no 
previous  experience  of  reul  vehicle  motion.  This  is  presumably  because 
the  expectations  of  the  former  are  more  firmly  entrenched  than  those 
of  the  latter,  and  hence  conflict  more  drastically  with  the  'rearranged* 
sensory  inputs  encountered  in  the  simulator. 
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The  present  investigation  differed  from  previous  studies  of 
simulator  sickness  in  that  it  employed  passive  rather  than  active 
observers*  > The  car  simulator  used  in  this  experiment  was  controlled 
by  the  investigator  while  the  subject,  seated  beside  him,  passively 
observed  the  dynamic  visual  display  through  the  ‘windscreen’ •  The 
question  which  interested  us  was:  ’How  much  does  the  absence  of  active 
vehicle  control  influence  susceptibility  to  simulator  sickness?’  If 
a  relatively  high  incidence  of  symptoms  were  observed  in  this  passive 
■ode,  then  it  would  be  reasonable  to  assume  that  the  sense  of 
involvement  created  by  actually  handling  the  controls  was  not 
essential,  or  even  particularly  influential,  in  producing  sickness. 

And  on  theoretical  grounds,  there  was  no  reason  to  suppose  that 
’passengers'  would  be  any  the  less  susceptible  than  'drivers', 
provided  that  they  paid  close  attention  to  the  moving  visual  scene 
(cf.  'Cinerama  sickness'). 

In  addition  to  studying  the  incidence,  of  simulator  sickness  in 
passive  observers,  this  investigation  also  considered  the  effects  of 
three  variables  which,  on  a  priori  grounds,  were  likely  to  Influence 
susceptibility.  These  were: 

s.  Sex.  There  is  s  wealth  of  evidence  (see  Reason,  1968)  to 
show  that  women  are  generally  sore  prone  to  most  conventional 
forms  of  sotlon  sickness  than  men,  and  it  was  expected  that 
similar  sex  differences  in  susceptibility  would  be  revesled  in 
the  present  experiment. 

b.  Restriction  of  vision.  Approximately  half  of  the  subjects 
wore  'blinkers'  which  restricted  their  field  of  view  to  the 
screen  displaying  the  moving  visual  scene.  It  was  thought  that 
eliminating  the  'unrealistic'  aspects  of  the  environment  -  such 
as  the  stationary  surroundings  -  might  enhance  susceptibility. 
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c.  Previous  car  experience »  The  subjects'  prior  experience  as 
r  both  c «r  passengers  and  drivers  was  measured.  From  preTioua 
-  findings,  it  was  expected  that  the  deg; ree  of  both  kinds  of 
experience  would  be  positively  related  to  the  aaount  of  disturbance 
created  by  the  simulator  session;  although  it  was  of  theoretical 
interest  to  discover  which  of  these  two  forma  of  experience, 
passenger  or  driver,  would  have  the  greater  influence. 

METHOD 


Subjects 


Fifteen  female  and  sixteen  male  undergraduates  and  technical  ataff 
were  used  as  subjects.  Their  ages  ranged  from  17-23  years,  the  aodal 
age  being  19.  The  majority  of  the  subjects  were  volunteers  from  a 
first  year  Psychology  degree  course,  the  remainder  being  junior 
technician*?.  All  the  subjects  were  asked  to  complete  a  Kotion  Sickness 
Questionnaire  0?SQ)  at  the  completion  of  the  experiment  (see  Reason, 
1968.  for  details  of  the  MSQ  and  scoring  procedures).  The  mean  HSQ 
acore  for  the  women  was  53»^»  and  for  the  men,  44.9. 

Subjects  were  also  asked  to  estimate  how  many  hours  per  week,  on 
average,  they  spent  as  .car  passengers  and  car  drivera.  Comparative 
mean  experiences  for  woaen  and  men  were : 

a.  Women  as  passengers:  4.1  hours  a  week 

range  0-14  hours  a  week. 


b.  Women  as  drivers: 


1.5  hours  s  week 
range  0-12  hours  a  week. 


Men  as  passengers : 


3.5  hours  a  week 
range  0-10  hours  a  week. 


d.  Men  ac  drivers: 


2.0  hours  a  week 
range  0-10  hours  a  week 
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Simulator 


-  *  T 

-  The  driving  simulator  was  the  Sim-L-Car,  a  point  light  source 

* 

device  manufactured  by  General  Precision  Systems  of  Aylesbury*  Bucks. * 

It  was  a  closed  loop  system  which  relied  for  its  visual  display  on  a 
point  light  source  projection  system.  The  body  of  the  simulator  was 
made  up  of  k~UO  components  and  fascia.  It  was  instrumented  with 
standard  car  controls:  steering  wheel*  gear  lever*  clutch,  accelerator, 
brake  pedals*  handbrake,  and  key-operated  ignition.  Two  seats  were 
situated  side  by  side  in  the  car  body  'mock-up'.  The  simulator  was 
also  equipped  with  a  sound  source  which*  when  turned  down  to.  its 
lowest  volume,  provided  s  fairly  convincing  background  noise  and 
' tiekovar' . 

The  visual  diaplay  was  presented  to  the  occupants  of  the  car  on 
a  6  x  12  ft  rear  projection  screen  located  juat  ahead  of  the  bonnet 
at  a  distance  of  6  ft  from  the  driver  and  subject.  The  display 
consisted  of  the  refracted  image  produced  when  the  illumination  from 
a  high  intensity  point  source  of  light  passed  through  a  transparent* 
circular  'Plexiglass'  disc.  A  roadway  network*  comprising  a  winding 
pal ice ter  road  with  intarsecting  transverse  roads,  was  painted  on  to 
the  surface  of  tha  diec.  Added  ’realism'  was  provided  by  trees 
(fashioned  from  cotton  wool  end  wire),  perspex  buildings,  and  a 
stationary  toy  bus.  The  impression  of  vehicle  movement  was  created 
by  the  controlled  motion  of  the  road  diec  beneath  the  stationary 
light  source;  the  motion  of  this  disc  was  governed  by  the  speed  and 
direction  controls  of  the  car  in  a  realistic  fashion. 

The  overall  affect  was  that  of  driving  on  the  perimeter  track  and 
intersecting  roads  of  a  desartad  airfield.  The  optics  were  such  that 
the  car  always  appeared  to  be  driving  into  a  wintry  sunset.  Prom  the 
investigator’s  point  of  view*  the  greatest  realism  was  achieved  with 
a  combination  of  low,  'twilight',  illumination  and  fairly  high  apparent 
speeds.  In  addition,  the  diaplay  charactaristlcs  were  most  satisfactory 
on  a  lefthand  (anti- clockwise)  circuit  of  the  perimeter  track.  However, 
right  turns  were  made  at  junctions  on  the  transverse  roads. 
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Procedure 


*■  t 

Subjects  sat  in  the  passenger  seat  of  the  simulator*  and  were 

told  that  this  experiment  was  part  of  general  investigation  designed 
to  evaluate  the  simulator  as  a  training  device.  They  were  informed 
that  it  could*  on  occasions,  produce  mild  symptoms  of  travel  sickness 
such  as  dizziness,  queasiness,  and  nausea.  The  purposs  of  this 
particular  experiment,  they  were  told,  was  to  find  out  how  many  people 
were  affected  and  to  what  extent.  To  this  and  they  were  asked  to  keep 
their  eyes  fixed  on  the  screen  ahead  and  to  ignore  any  distractions  in 
the  room  around  them. 

Each  subject  was  then  driven  over  a  standard  course  for  a  period 
of  10  minutea.  The  course  waa  chosen  both  to  maximise  the  realistic 
features  of  the  device  (i.e.  high  average  speed  and  lefthand  circuits 
when  on  the  perimeter  road)  and  to  include  a  large  amount  of  implied 
vestibular  stimulation  (i.e.  sharp  cornering  at  speed,  rapid  acceleration 
and  braking,  stopping  and  starting).  During  the  run,  the  only  source 
of  illumination  was  that  from  the  visual  display  itself. 

At  the  end  of  the  run,  subjects  were  asked  to  rate  their  general 
stats  of  well-being  (at  that  time),  to  describe  their  symptoms  (if  any), 
and  to  rate  the  realism  of  the  car  simulator.  Details  of  the  rating 
scales  and  symptom  scores  are  given  in  a  separate  section  below. 

Restriction  of  Vision 


As  mentioned  earlier,  approximately  one-half  of  the  subjects  were 
provided  with  'blinkers'  to  screen  out  all  but  the  moving  display  from 
the  field  of  view.  The  'blinkers'  consisted  of  an  oval  rubber  tubs 
which  was  hsld  by  the  aubjsct  over  his  eyes.  One  end  of  the  tube  was 
moulded  to  fit  the  nose  and  forahsad.  Subjsctm  were  instructsd  to 
adjust  the  shape  of  the  tube  mo  that  it  excluded  all  but  tha  projection 
screen  from  the  visual  scene.  To  avoid  unnecessary  aye-atrain  or 
pressure  headache,  they  were  instructed  to  hold  the  'blinkers'  very 
lightly  against  tbs  face. 
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Experimental  Measures 


The  principal  dependent  measures  were  the  Well-bping  Scale 
(Reason  ARJraybiel,  1970;  Reason  A  Diet,  19?0)«  and  a  Symptom  Score 
derived  from  a  standardised  symptom  check-list.  The  well-being 
estimates  were  made  on  the  basis  of  an  eleven-point  category  scale , 
ranging  from  0  -  *1  feel  fine'  to  10  -  'I  feel  awful,  just  like  I'm 
about  to  vomit'.  To  obtain  the  Symptom  Score,  subjects  were  asked 
whether  they  had  experienced  any  of  the  following  symptoms  either 
during  or  immediately  after  the  run:  dizziness,  bodily  waratb,  headache, 
increased  salivation,  stomach  awareness,  and  nausea.  Two  further 
symptoms  were  mentioned  by  subjects  during  the  poet-run  interview: 
dry  mouth  and  drowsiness.  In  addition,  the  presence  and  degree  of 
pallor  and  cold  sweating  were  assessed  by  the  investigator.  To 
achieve  the  overall  Symptom  Score,  the  presence  of  any  of  these  signs 
or  symptoms  was  categorised  as  'mild',  'moderate*,  and  'severe'.  A 
score  of  1  was  given  to  all  reactions  classified  as  'mild',  2  to  those 
classified  as  'moderate* ,  and  3  to  'severe'  reactions.  The  final 
Symptom  Score  for  each  subject  was  obtained  by  ©ucating  these  individual 
weightings. 

In  addition,  the  subjects  were  asked  to  rate  the  realism  of  the 
Sio-L-Car  on  a  10-point  scale  from  0  -  'Hot  at  all  like  a  real  car' , 
to  10  -  'Just  like  a  real  car'.  At  the  completion  of  the  interview, 
subjects  were  asked  to  fill  in  the  KSQ. 

RESULTS 

Incidence 

In  three  subjects  only  did  both  the  Well-being  Rating  and  the 
Symptom  Score  indicate  a  complete  absence  of  eny  ill-effects.  The 
remaining  38  subjects  reported  varying  degrees  of  disturbance  ranging 
from  mild  dizziness  to  the  presence  of  all  listed  reactions  including 
severe  nausea.  One  subject  gava  a  well-being  rating  of  10  and  asked 
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for  the  run  to  be  otopped  after  9  ainutes  because  ahe  felt  close  to 
fainting,  -k  percentage  breakdown  of  the  proportion  of  subjects 
reporting  each  kind  of  reaction  is  shown  in  Table  1. 


Table  1 


Percentage  of  Women,  Men,  and  Total  Sample  Reporting  each  Sign 
or  Symptom. 


Signs  and  Symptoms 

(N-15) 

%  Vomen 

(N«l6) 

%  Hen 

(N-31) 

%  Total 

Dittineaa 

73 

69 

71 

Bodily  warath 

47 

50 

48 

Headache 

53 

33 

*5 

Stomach  awareness 

53 

31 

42 

Nausea 

60 

25 

42 

Pallor  * 

_ 

_ ID 

29 

Sweat 

33 

25 

29 

Increased  aalieatloo 

13 

25 

19 

Dry  south 

13 

0 

6 

Drowsiness 

7 

0 

3 

Tte- 


h  J 


■i'*v 

f-  i<r 


Fros  Table  1*  it  is  clear  that  the  Boat  frequently  occurring 
*y»ptoa  was  ditsinesa*  and  this  was  true  for  both  sen  and  vosen.  The 
next  soat  frequent  syaptoas  were  bodily  warath,  headache,  stoeach 
awareness,  and  nauaea.  The  only  really  Barked  discrepancy  between 
the  oexea  w«s  in  the  presence  of  pallor*  Bose thing  that  was  detected 
far  aora  often  in  voaen  than  in  Ben. 
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It  la  also  clear  from  Table  1  that  all  but  one  symptom,  increased 
salivation,  occurred  sore  frequently  among  the  women,  a  discrepancy 
that  was  predicted  on  the  basis  of  known  sex  differences  in 
susceptibility.  A  more  detailed  analysis  of  these  sex  differences  is 
given  below. 

Sex  differences 

Table  2  shows  the  mean  Veil-being  Ratings  and  Symptoms  Scores  for 
men  and  women.  Nann-Vhitney  'U'  tests  calculated  for  both  measures 
indicated  that  women  were  considerably  more  disturbed  by  the  simulator 
than  the  sen;  W-B  Ratings,  U=M3.5{  pv.01  (one-tailed  test);  Symptom 
Scores,  Ua65»5;  P<»0£5  (one-tailed  test). 


Table  2 

Mean  Veil-Being  Ratings  and  Symptom  Scores  for  Wen  and  Women 

Vomen  Hen 

Mean  Range  Mean  Range 

k.r  o-io  1.7  o-s 

$.6  0-18  3.1  0-7 

•The  higher  the  Well-Being  Rating,  the 
•are  severe  the  disturbance.  The  ease 
is  true  of  the  Sysptos  Score. 


In  view  of  their  sarked  differences  in  susceptibility,  sen  end 
women  were  treated  separetely  in  all  subsequent  analyses. 


Well-Being  Rating 
Syeptos  Score 
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The  Effect  of  'Blinkers* 


Table  3  shows  the  seen  Well-Being  Ratings  and  Symptom  Scores  for 
fenale  and 'male  subjects  with  and  without  blinkers.  For  neither  sex 
did  the  restriction  of  vision  make  any  significant  difference  to  the 
degree  of  disturbance  produced  by  the  simulator  ride.  In  view  of  this, 
the  presence  or  absence  of  blinkers  was  ignored  in  subsequent  analyses. 


Table  3 


Mean  Values  for  Subjects  with  and  without  ’Blinkers* 


With  (N*7) 

Without  (N»8) 

Women 

Well-Being  Rating 

4.4 

4.8 

Symptom  Score 

6.8 

6.5 

With  (N«8) 

Without  (K*8) 

Men 

Well-Being  Rating 

1.1 

1.8 

Syaptos  Score 

3.0 

3.5 

The  Effects  of  Previous  Car  Experience 

bpearaan  rank  order  correlation  coefficients  were  computed 
between  the  two  sickness  a tenures  and  the  average  time  per  week  spent 
as  a  car  driver  and  passenger.  This  was  done  for  sen  end  wosen 
separately,  and  the  results  are  summarised  in  Table  4.  '  ' 
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*•  Table  4 

**- 

*•*  t 

Bcfations  between  Degree  of  Sickness  end  Previous  Car  Experience 
Women  N»15 

rho 

Weli-Baing  Hoting/TDriving  experience  +0.51" 

Well  Being  Sating/fcaasenger  experience  40.22 

Symptom  Score/Driving  experience  40.50* 

Symptom  Scorfe/Paas^njer  experience  4O.U5* 


Hen  K»l6 

rho 

Well-Being  Kating/Driring  experience  40.32 

Well-Being  Rating/Paasenger  experience  40.05 

Symptom  Score/Driring  experience  40.43* 

Symptom  Score/P aeoenger  experience  -0.12 


(•indicates  p<-05) 


Realism  Rati nga 

For  tioaen,  the  mean  realism  rating  was  5«8»  the  modal  rains  6, 
and  the  range  2-9*  The  pattern  for  sen  was  eery  similar:  a  seen  of 
5*6,  a  sodal  ralue  of  7«  end  a  range  from  2-3. 

Casual  inspection  of  the  data  suggested  that  there  was  a  aegatire 
relationship  between  the  realism  ratings  and  the  two  measures  of 
sickness.  ¥0  check  this*  rank  order  correlation  coefficients  were 
computed*  and  are  set  out  in  Table  5* 


295 


* lx 


r 


i 


*4 

Table  5 


Relations  between  the  Degree  of  Sicknesa  and  the  Realian  Rating 


e 

Women 

Well-Being  Rating/Re&liem  Rating 
Syoptom  Score/Realiaa  Rating 


rho 

-0.31 

40  .01 


Hen 

Well-Being  Bating/Realiera  Rating 
Syoptom  S core/Re aliete  Rating 


n 


rho 

-0.46* 

-0.34 


Predictive  Value  of  HSQ 

To  asee&a  the  value  of  the  HSQ  for  predicting  individual  differences 
in  susceptibility  to  eioulator  sickness,  rank  order  correlations  were 
computed  between  the  total  HSQ  acore  and  the  two  measures  of  simulator 
sickness.  The  resulting  coefficients  are  shown  in  Table  6. 


Table  6 


Relaticna  between  the  Degree  of  Sickness  and  HSQ  Score 


%  Women 

I 


! 


c 


HSQ/Vell-Bsing  Rating 
KSQ/Sjmptom  Score 


rho 

40.10 

40.1J 
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view  obtained  from  the  front  of  a  laterally  etable  train  roving  at 
constant  speed  along  a  perfectly  straight  track.  In  this  investigation, 
it  was^certainly  true  that  manoeuvres  such  as  cornering  at  speed, 
travelling  fast  along  a  winding  stretch  of  road,  end  sudden  braking 
were  the  ones  rost  frequently  cited  as  responsible  for  loss  of  veil* 
being. 

The  rather  surprising  finding  that  the  presence  of  the  'blinkers* 
had  no  effect  upon  ausceptibility  to  simulator  sickness  is  of 
particular  interest  since  it  suggests  that  cognitive  factors,  such  as 
the  knowledge  derived  from  seeing  the  stationary  surrounds,  play  little 
or  no  Tiart  la  the  production  of  symptoms.  Evidently,  the  presence  of 
incompatible  elements  in  the  visual  scene  docs  not  appreciably  reduce 
the  nauoeogenic  properties  of  the  dynamic  visual  display. 

Both  this  and  the  demonstration  that  passive  observers  are  equally 
prone  to  sickness  point  to  the  involvement  of  a  fairly  low-order  ^ 

central  mechanism:  one  that  is  more  attuned  to  signals  from  the 
relatively  primitive  orientation  senses  than  to  subtle  nuances  of 
cognition*  Such  a  conception  is  very  much  in  accord  with  the  "sensory 
ruarrenf esuat ;  theory  of  motion  sickness  in  which  psychogenic  factors 
are  considered  t e  be  of  secondary  importance  only.  The  essence  of 
this  theory  is  that  symptoms  are  triggered  (exactly  how  is  net 
understood)  by  inconsistencies  between  the  prevailing  influx  from  the 
spatial  senses  and  store!  traces  fres  comparable  exposures  In  the 
paste  If  the  brain  centrw  concerned  with  integrating  spatial  inputs 
has  come  to  'expect*  (on  *b  .  basis  of  prior  experience,  th;  t  is, 
through  the  process  of  perceptual  adaptation)  that  a  particular 
movement  of  the  visual  scene  will  be  correlated  with  specific 
vestibular  inputs,  then  the  sheen,;#  of  these  vestibular  nlgnals  on  s 
subsequent  presentation  of  the  same  visual  stimv'.us  will  evoke  the 
symptoms  of  motion  sickness.  Why  these  reactions  should  take  the 
particulrx  ferm  that  they  do,  and  what  functional  purpose  they  serve, 
is  not  understood:  but  there  seems  little  doubt  that  unfulfilled 
'vestibular  expectations'  are  the  primary  cause. 
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>  Two  factors  '-h-*  clearly  did  influence  susceptibiluty  were  sex  and 
previous  car  travel  experience#  That  women  were  sore  disturbed  by  the 
simulator  than  men  was  not  surprising  considering  that  women  are  known 
to  succumb  aore  readily  to  most  forms  of  motion  sickness*  But  this 
finding  does  not  bring  us  any  nearer  to  understanding  why  these  sex 
differences  exist*  Are  women  simply  more  liable  to  present  the  nausea 
syndrome  than  men?  Is  it  linked  in  some  way  to  their  hormonal  make-up? 

Or  do  the  differencea  in  susceptibility  originate  from  the  spatial 
integrating  centre  itself?.  These  important  questions  remain  unanswered. 

Equally  predictable*  though  perhaps  less  difficult  to  understand* 
is  that  susceptibility  to  simulator  sickness*  both  for  men  and  women* 
was  positively  related  to  the  amount  of  previous  experience  with  ear 
travel*  both  as  passengers  and  as  drivers*  This  general  relationship 
can  be  explained,  as  stated  earlier*  by  suggesting  that, in  experienced 
travellers*  the  stored  stimulus  traces  are  more  firmly  consolidated  in 
the  'spatial  aemory  store'.  However,  on  the  basis  of  this  argument 
it  would  be  expected  that  driver  experience  should  count  for  more  than 
passenger  experience  because*  like  the  subject  in  the  present 
experiment,  the  car  driver  is  forced  to  maintain  the  'eyes-forvard' 
mode  of  looking:  whereas  the  passenger  is  not  constrained  in  quite  the 
same  way*  i.e.  some  of  the  time  he  will  be  looking  out  at  the  road 
ahead*  but  at  other  times  he  will  be  glancing  out  of  the  wide  windows 
or  within  the  car*  By  comparison,  therefore*  the  car  driver  has  a 
much  better  opportunity  of  building  up  stimulus  traces  appropriate  to 
the  simulator  situation,  and  so  should  be  aore  disturbed  by  the 
rearranged  sensory  Inputs  in  the  simulator.  Do  the  present  findings 
support  these  predictions?  Examination  of  the  correlation  coefficients 
displayed  in  Table  4  shows  that*  for  both  men  and  women,  the 
relationships  between  the  two  measures  of  simulator  sickness  and 
driver  experience  were  bettor  than  thoae  with  passenger  experience; 
although,  axcept  in  one  instance *  these  were  also  positive.  The  small 
samples  used  in  this  experiment*  and  the  relatively  limited  range  of 
driving  experience  of  the  subjects,  mean  that  a  great  deal  of  reliance 
cannot  be  placed  on  these  particular  data;  but  they  do  conform  with  the 
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argument*  set  out  above.  If  such  a  finding  were  replicated  using  larger 
numbers  and  a  wider  range  of  driving  experience,  it  would  provide  very 
strong  support  for  the  ’unfulfilled  expectation*  aspect  of  the  sensory 
rearrangement  theory. 

Two  other  findings  are  worthy  of  brief  comment.  First,  the  rather 
curious  fact  that  those  subjects  who  were  most  disturbed  by  the 
simulator  ride  tended  to  rate  the  device  as  being  less  realistic  than 
those  who  were  relatively  unaffected.  Vere  they  ’punishing*  the 
simulator  (or  the  investigators)  for  making  them  sick?  Or  was  it  that 
they  were  not  normally  car  sick  so  that  the  presence  of  unfamiliar 
reactions  like  dizziness  and  nausea  rendered  the  simulator  less  like 
the  real  thing?  It  is  hard  to  say.  But  whatever  the  cause,  it  casts 
some  doubt  on  the  validity  of  the  realism  ratings  per  se. 

Secondly,  it  is  clear  from  the  coefficients  .displayed  In  Table  6 
that  the  MSQ  (a  personal  history  inventory)  would  not  have  been 
particularly  successful  in  predicting  the  degree  of  simulator  sickness. 
However,  the  relationships  were  much  higher  for  men  then  women;  and 
for  both  sexes,  they  were  higher  with  the  Symptom  Score  then  the  Well- 
Being  Ratings.  Considering  the  very  Imprecise  nature  of  the  measures, 
correlations  of  this  order  are  perhaps  the  beat  that  can  be  expected. 

At  best,  the  KSQ  is  s  very  blunt  instrument,  and  its  greatest 
usefulness  is  in  screening  out  highly  susceptible  Individuals.  It  is 
known  to  be  far  leas  effective  in  discriminating  between  individuals 
of  moderate  susceptibility  (Reason,  1963). 

Finally,  what  are  the  practical  implications  of  these  findings? 

So  long  as  fixed-baa*  simulators  incorporating  dynamic  visual  displays 
continue  to  be  used  extensively  for  training,  information  that  throws 
some  light  on  the  origins  of. the  distressing  and  time-wasting  condition 
of  'fiimulator  sickness'  can  always  be  put  to  good  use.  But,  perhaps . 
more  importantly,  these  results  reveal  a  little  more  of  the [general 
■jaehanifia^  Involved  In  the  production  of  the  motion  sickness  phenomenon, 
and  it  is  only  from  a  *lv  \r  understanding  of  these  [underlying"  processes] 
that  effective  preventive  measures  can  be  formulated. 
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PRINCIPAL  FINDINGS 


1.  Some  decline  in  wall-being  was  reported  by  28  e*  the  31  unselected 
subjects  passively  exposed  to  a  10-minute  ride  in  a  closed-loop  car 
simulator* 

»  r 

2*  Women  were  significantly  more  susceptible  than  men* 

3.  Previous  car  experience,  both  as  passenger  and  driver,  correlated 
positively  with  the  degree  of  disturbance  produced  by  the  simulated 
ride*  However,  there  was  some  evidence  to  suggest  that  driver  experience 
exerted  a  sore  powerful  Influence  upon  susceptibility  to  simulator 
sickness. 


4.  'Blinkers'  which  excluded  the  static  features  of  the  surroundings 
appeared  to  have  no  effect  upon  susceptibility* 
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1 1 A  ^  value  in.Jit.a te>  the  aircraft  landing  trials  saved  for  every 
:.i:i!i«.>l  (.ri.il  in  the  simulator. 

:i‘l  examples  1  and  2  show  t ha t  the  value  of  one  landinq  trial  in  the 
•. ilat.or  ranges  frni'i  1.18  to  .79  landing  trials  in  the  P-3  aircraft.  These  • 
cl  »erc*nt  HR  values  are  most  likely  the  result  of  a  combination  of  the  variables 

listed  below:  *• 

C  !r 

1.  C-l  training  was  conducted  using  a  block  syllabus;  C-2  used  an 
integrated  syllabus. 


2.  A  mure  stringent  criterion  was  imposed  on  C-2. 

.1.  C-2  had  several  poor  performers  who  increased  the  group  average. 

respite  the  differences,  however,  the  data  show  that  transfer  of  landing 
practice  in  the  simulator  is  high. 

A  comparison  of  the  landing  trials  of  the  C-3  and  E  groups' (TER  example  3 
.  above)  indicates  the  value  of  landing  pattern  airwork.  Under  training  conditions 
which  did  not  permit  flare  or  touchdown  practice  in  the  simulator,  a  training 
benefit  did  occur.  In  this  example  one  landing  trial  in  the  simulator  saved 
•.57  landing  trials  in  the  aircraft. 


The  study  results  indicate  that  simulator  practice  in  landing  pattern 
airwork  and  the  final  phase  of  landing  transfers  positively  to  the  aircraft. 

This  transfer  occurs  even  though  VP-30  instructor  and  student' pilots  universally 
agreed  that  the  2F87F  does  not  "handle”  like  the  aircraft  during  the  final 
phase  of  landing.  The  question  of  greater  training  effectiveness  as  a  function 
of  improved  fidelity  was  not  addressed  in  this  study.  It  is  a  topic  worthy  of 
further  investigation. 


EFFECT  OF  LIMITED  FIELD  OF  VIEW  ON  LANDING  PERFORMANCE.  A  major  concern  of 
pilots  is  the  limited  field  of  view  of  the  rigid  model  board.  They  suspect’ 
this  reduces  the  training  value  of  landing  practice  in  the  simulator  since 
visual  cues  in  the  periphery  are  absent.  However,  the  belief  that  a  wide  angle 
-n-w,al  capability  is  required  for  effective  training  is  not  supported  by  the 
data  in  the  present  study  nor  by  a  number  of  other  studies.  For  example, 

An;. strong”  employed  a  Varsity  aircraft  configured  such  that,  the  field  of  view 
of  the  pilot  was  limited  to  50fJ.  Armstrong  reported  that  landing  performance 
in  the  aircraft  was  almost  unaffected  by  loss  of  peripheral  vision,  even 


ir.e  reader  is  cautioned  not  to  Interpret  the  TER  as  a  constant;  it  Is  not 
necessarily  linear  with  Increased  training,  and  it  varies  as  a  function  of 
.previous  practice. 


C.  D.  Armstrong.  FI ight  Trials  to  Discover  Whether  Peripheral  Vision  is 
Needed  for  Landing.  RoyaTTi rcraTOstabl ishment  Techni ca l  Report  70205. 
1970.  Ministry  of  Aviation  Supply,  Farnborough  Hants. 
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t'oor  visibility  (.t.riOitiuns.  Roscoe^  configured  a  Cessna  T-50  such  that 
.indSfiield  of  the  airplane  was  replaced  by  an  aluminum  sheet  through 
i  a  periscope  was  installed.  An  image  was  projected  from  the  periscope 
3  inch  screen  with  a  field  of  view  from  the  pilot's  eye  of  a  maximum 
)  degrees  horizontally  and  vertically.  Roscoe  found  that  both  experienced 
inexperienced  pilots  could  make  safe  takeoffs  and  landings  by  periscope  - 
3  a^variety  of  techniques  and  under  a  variety  of  conditions.  Based  on 
?  aircraft  data  and  the  data  from  this  study,  it  is  reasonable  to  conclude 
high  fidelity  simulators  do  not  require  “wide"  angle  visual  systems  to 
ide  effective  landing  training. 


FINDINGS 


\ 


The  findings  of  this  study  are  summarized  below: 

1.  The  E  group  who  received  no  flare  or  touchdown  practice  during 
simulator  landing  trials  required  significantly  more  landing  trials  in  the  air¬ 
craft  to  attain  proficiency  than  did  the  C-l  and  C-2  groups  who  received  full 
landing  training  in  the  simulator  (37,  17,  and  28  landings,  respectively). 

2.  The  group  that  received  no  simulator  training,  C-3  (the  fly  only 
group),  required  significantly  more  landing  trials  in  the  aircraft  to  attain 
proficiency  than  did  the  E  group.  Practicing  landing  pattern  airwork  in  the 
simulator  contributes  positively  to  landing  performance  in  the  P-3  aircraft. 

3.  The  C-l  group  required  fewer  total  simulator  and  aircraft  landings  to 
attain  proficiency  than  did  the  aircraft-only  trained  group  (C-3).  This 
suggests  that  the  task  learned  in  the  simulator  transfers  significantly  to 
subsequent  aircraft  landing  performance. 

4.  The  TERs  computed  from  the  landing  data  show  that  landing  practice  in 
the  simulator  provides  a  training  benefit  under  the  three  different  training 
conditions  examined. 


S.  N.  Roscoe,  S.  G.  Hasler,  and  D.  G.  Dougherty.  “Flight  by  Periscope:  Making 
Takeoffs  and  Landings;  The  Influence  of  Image  Magnification,  Practice,  and 
Various  Conditions  of  Flight."  Human  Factors.  8_.  1.  February  1966.  pp.  13-40. 


303 


TAEG  Report  No.  63 


SECTION  IV 


CONFLICT  OF  VISUAL  AND  MOTION  CUES 


The  addition  of  visual  simulation  to  high  fidelity  fliqht  simulators  has 
j.ioouced  instances  of  physiological  discomfort  during  and  immediately  after 
training  in  the  device.  This  has  presumably  resulted  from  cue  conflict  when 
visual  motion  cues  are  present  ir.  the  absence  of  cockpit  motion  cues.  This  is 
particularly  so  with  wide-angle  visual  systems.  During  the  series  of  TAEG 
studies  evaluating  the  2F87F  simulator,  several  VP-30  instructors  reported  >v. 
nausea  and  general  disorientation  when  the  visual  s'ystem  was  operative  while^^cn. 
the  cockpit  motion  system  was  off.  Consequently,  the  issue  of  motion  sickness 
relating  to  simulator  training  was  examined  as  a  part  of  the  second  study  in 
this  report. 


V/ 


QUESTIONNAIRE  ASSESSMENT 


To  assess  the  prevalence  of  motion  sickness  with  the  cockpit  motion  system 
off  and  the  visual  system  on,. a  motion  sickness  questionnaire  (MSQ)  used  by  the 
Naval  Aerospace  Medical  Research  Laboratory  (NAMRL)  was  submitted  to  instructor 
pilots  and  pilot  trainees.  This  questionnaire  is  reproduced  in  appendix  A  JO 

t: 

The  questionnaire  was  administered  to  students  and  instructors  of  classes 
7803  and  7805.  Class  7803  received  simulator  training  without  cockpit  motion; 
class  7805  received  simulator  training  with  cockpit  motion. 

The  data  from  these  two  groups  were  compared  with  published  data  on  student 
Naval  flight  officers^'  and  with  data  on  a  group  of  college  malesJ2  Comparisons 
among  these  groups  are  shown  in  tables  8,  9,  and  10. 

The  data  in  table  8  are  compiled  from  sections  A  and  0  of  the  motion 
sickness  questionnaire.  Appendix  B  provides  the  scoring  procedures  used  for 
sections  A  and  B  of  the  MSQ. 


The  MSQ  was  modified  for  this  study  by  Dr.  F.  E.  Guedry  of  NAMRL.  In  addition. 
Dr.  F.  E.  Guedry  and  Dr.  J.  M.  Lentz  conducted  a  computer  analysis  of  the 
MSQ  data  collected  during  this  study. 

^  J.  M.  Lentz,  G.  L.  Holtzman,  W.  C.  Hlxon,  and  F.  E.  Guedry,  Jr.  Normative 
Data  tor  Two  Short  Tests  of  Motion  Reactivity.  NAMRL-1243.  1977.  Naval 
Aerospace  Medical- Resea rcFlaboratory,  Pensacola,  FL. 

J.  T.  Reason.  An  Investigation  of  Some  Factors  Contributing  to  Individual 
Variation  in  MoTTo  tTSickncss  SusccpTi'bTlTty.  l-PftCJleport  12777  1968. 

Ministry o7~ Defense  (Air  Force  Dept),  London. 
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Wi:i)e  there  are  statistical  differences  between  the  C  and  E  groups,  the 
j.i.uii'.ii  oi  ft'eren- es  .ire  small.  Simulator  training  time  was  the  same  for  all 
mu. ieuf..  for  both  groups,  t.he  average  was  about  12  hours  per  student  as  first 
pilot.  A  comparison  of  the  C  and  f  groups'  average  trials  to  proficiency  for 
oath  task  snows  the  largest  differences  to  occur  in  Aborts,  Holding,  TACAN/VOR, 
and  Normal  landings.  Of  these,  Aborts  and  Holding  appear  to  have  the  only  true 
differences.  TACAN/VOR  and  Normal  Landings  trials  for  the  C  group  would  be 
essentially  the  same  as  for  the  E  group  if  all  the'C  students  had  been  trained 
to  proficiency.  ~ 

Based  on  these  data,  it  appears  that  the  lack  of  simulator  cockpit  motion 
may  have  a  slight  adverse  effect  on  training  in  Three  and  Four  Engine  Aborts. 

The  differences  in  the  Holding  task  are  difficult  to  explain  particularly  in 
ferns  of  motion  as  a  training  variable. 

EFTECTS  OF  NO-MOTION  SIMULATOR  TRAINING  ON  SUBSEQUENT  AIRCRAFT  PERFORMANCE. 

The  effect  of  training  in  the  simulator  without  cockpit  motion  on  later  student 
performance  was  examined.  In  the  initial  planning  only  those  tasks  were  selected 
in  which  performance  presumably  would  be  affected  by  the  variables  of  motion. 

The  following  analysis  considers  only  those  tasks.  An  analysis  of  variance  (F 
test)  with  repeated  measures  was  used.  The  measure  employed  was  Aircraft  Trials 
to  Proficiency  for  the  following  tasks: 

1.  Abort  Four  Engine 

2.  Abort  Three  Engine 


Instrument  Tasks 

a . 

Holding 

h. 

Non-Prec  App  TACAN 

c . 

VOR 

d. 

NDB 

e. 

LOG 

f. 

Prec  App  GCA 

g. 

1LS 

h. 

Inst  Procedures 

•1.  Landings 

a.  Normal  Landings 

b.  Approach  Flap  Landings 
C.  Three-Engine  Landings 

5.  Engine  Failure  After  Refusal 

I  As  shown  in  table  7,  no  significant  differences  obtained  between  training 
/Methods  (F«3,21),  and  no  significant  interaction  effect  occurred  between  training 
Lmrth.u  nprl  task  (i:?j-Q1)-  Trials  to  Proficiency  were  affected  more  by  variance 
of  students  within  groups  than  by  training  method.  The  only  statistically 
significant  finding  was  that  certain  tasks  require  more  aircraft  training 
trials  than  do  others  (F«201.43).  This,  however,  is  obvious. 
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IU l  8.  DATA  COMPILED  PROM  SECTIONS  A  AND  B  OF  THE  MOTION  SICKNESS 
QUESI 10NNAIRE  (RESULTS  RELATE  TO  HISTORY  OF  MOTION  SICKNESS) 


• 

Class  7803 

Class  7805 

MFO  Group 

College  Group 

ft 

Number 'of  Students 

26 

21 

552 

150 

Mean  Motion  Sickness 
Susceptibility  Score 

20.80 

12.80 

15.99 

28.00 

Standard  Deviation 

17.10 

15.80 

18.78 

20.00 

Table  0  shows  the  no-inotion  group  (Class  7803)  to  be  average  in  terms  of 
motion  sickness  susceptibility  as  determined  by  MSQ  methods.  The  scores  for 
'his  group  indicate  less  susceptibility  than  those  of  college  males  but  more 
•  susceptibility  than  those  of  the  NFO  and  class  7805  groups.  The  mean  of  the 
no-motion  group  was  increased  slightly  by  one  student  who  had  a  score  of  73.7 
(highly  susceptible  to  motion  sickness). 

Table  9  presents  data  compiled  from  section  C  of  the  questionnaire.  For 
ease  in  interpretation,  each  question  is  stated  followed  by  the  appropriate 
data  from  classes  7803  and  7805.  Question  5  also  includes  published  data  of 
lent:  and  Collins  for  comparison  with  the  VP-30  dataJ^ 


Responses  to  questions  2  and  3  suggest  that  the  no-motion  group  is  about 
average  for  military  aviation  in  that  the  percent  of  individuals  indicating 
some  degree  of  airsickness  under  provocative  flight  conditions  Is  average  to 
above  average.  This  finding  is  consistent  with  previous  studies.  Question  4 
indicates  about  10  percent  of  the  group  experience  dizziness  episodes  in  everyda,. 
life.  Again,  this  is  average  or  slightly  above  average  for  military  aviators. 


Question  5,  percent  taking  antimotion  sickness  medication,  is  average 
compared  with  a  college  group.  Considering  the  extensive  exposure  to  motion  of 
class  7803,  this  percentage  is  below  expecutions.  However,  the  percentage  for 
class  7805 Js  -fcvenJUiwer. 


i  tem 


Questions  6  «nri  7  Are  items  used  by  Hutchins  and  Kennedy. ^  The 

are  rega roed  as  good  predictors  of  airsickness.  Their  report,  however. 


does  r.ot  give  percent  of  individuals  replying  in  each  answer  category^ — 7f 
TcctiWfon  sense  look  at  the  responses  from  classes  7803  and  7805  suggests  that  tf* 
I  some  students  regard  themselves  as  “poor  risks-  in  motion  sickness  studies. 
£_Several  individuals  admitted  experiencing  sickness  feelings  when  viewing  / 

.  /A/  * 


^  J.  M.  Lent2  and  W.  E.  Collins.  "Motion  Sickness  Susceptibility  and  Related 
Behavioral  Characteristics  in  Men  and  Women."  Aviation  Spae;  Environmental 
Medicine.  48,  4,  pp.  316-322,  1977. 


C.  U.  Hutchins  and  R.  S.  Kennedy.  "Relationship  8etween  Past  History  of 
Motion  Sickness  and  Attrition  from  Flight  Training."  Aerospace  Medicine. 
36,  pp.  984-987,  1965. 
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w'ldo-M  reon  movies  involvinq  external  views  from  within  moving  vehicles  (see 
question  8).  Overall,  both  qrouos  seem  about  average  for  pilots  in  reaard  to 
susceptibility  to  motion  sickness.  Sections  A,  B,  and  C  indicate  that  class 
7803  conta-ins  enough  individuals  with  some  history  of  motion  sickness  to  serve -- 
as  a  reasonable  test  group  for  testing  the  prevalence  of  motion  sickness  with 
the  cockpit  motion  system  off  and  the  visual  system  operating. 


Table  10  presents  data  compiled  from  section  D  of  the  motion  sickness 
cues tionna ire.  Table  10,  part  A,  presents  (1)  grouped  responses  of  class  7803 
for  the  six  questions  of  Dart  A,  (2)  the  scoring  procedure  for  oart  A,  and  (3) 
comparisons  of  motion  sickness  symptoms  for  class  7803,  class  7805,  and  two 
groups  of  student  Naval  flight  officers  from  a  study  by  Lentz,  et  al.^ 

Lentz  collected  normative  data  for  these  Naval  flight  officers  on  two  tests  of 
motion  reactivity.  These  two  tests  were  the  brief  vestibular  disorientation 
test  (BVDT)  and  the  visual  vestibular  Interaction  test  (WIT). 


Section  D,  part  A,  indicates  that  the  simulator  exposure  produced  little 
evidence  of  motion  sickness  either  during  or  a^ter- simulator  _tra in ing.  Host  of 
'the  affirmative  answers  were  in  reference  tn redness  nr  drowsinesT.'  This  may 
be  a  sign  of  motion  sickness,  but  it  may  also  be  attributable  to  (1)  prolonged 
simulator  sessions  or  (2)  time  of  day  of  the  session.  Of  the  symotoms  that 
could  be  related  to  motion  or  the  lack  of  it,  three  students  reported  headache 
.and  five  reported  mild  unsteadiness . 


The  mean  of  the  no-motion  group  is  considerably  lower  than  the  mean  of  the 
8VDT  and  WIT  comparison  groups  who  were  exposed  to  "provocative  stimulation." 
Thus,  the  no-motion  students  and  instructors  rated  their  4-hour  simulator 
exposure  as  less  physiologically  disturbing  than  the  comparison  groups  rated 
their  10-rainute  exposure  to  the  WIT  or  their  6-minute  exposure  to  the  LVDT. 


Section  0,  part  B,  which  asked  each  individual  to  give  his  opinion  of  the 
simulator,  may  be  the  best  set  of  questions  in  the  questionnaire  because  they 
directly  address  the  point  of  Interest.  If  the  responses  from  section  B  are 
converted  to  a  four  point  rating  scale  where  1  •  Not  At  All,  2  *  Somewhat,  3  ■ 
Moderately,  4  ■  Very  Much  So,  the  mean  for  question  B1  for  class  7803  is  2.96 
closest  to  "Moderately."  Question  81  for  class  7805  is  3.7  closest  to  "Very 
Much  So."  For  Question  82,  the  mean  for  class  7803  was  1.77  closest  to 
"Somewhat."  The  mean  for  class  7805  was  1.14  closest  to  "Not  At  All."  For 
question  B3  the  mean  for  class  7803  was  3.2  closest  to  "Moderately."  Class 
7805  was  not  scored  on  question  B3  since  they  did  not  fly  the  simulator  without 
notion. 


Based  on  student  and  instructor  responses  on  the  Pensacola  Motion  Sickness 
Questionnaire,  simulator  training  with  and  without  cockpit  motion  produced 
little  evidence  of  motion  sickness  either  during  or  after  simulator  flights. 
From  the  present  results,  it  appears  that  the  students  and  Instructors  both 
strongly  favor  having  the  motion  cues  available. 


16 


Lentz, 


Holtzman,  Nixon,  and  Guedry,  op.  cit. 
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Sinacorl ,  J.  B.  V/STOL  ground -leased  simulation  techniques 
(USAAVLABS  Technical  Re ,  r  t  6 / - 5  £  j .  Hawthorne,  CA:  Norair  Div., 
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SINACORI,  B,  V/STOL  Ground-based  Simulation  Techniques.  Prepared  by  Northrop  Corp., 
Norair  Division,  Hawthorne,  CA  for  U.  S.  Army  Aviation  Materiel  Laboratories,  Fort 
Eustis,  Virginia,  USAAVLABS  Technical  Report  67-55,  Nov.  1967. 

Summary:  A  study  of  various  kinds  of  simulators  has  been  made  to  determine  their  capabil¬ 
ity  to  produce  data  representative  of  visual  flight.  Four  simulations  of  a  jet-lift 
V/STOL  aircraft  were  conducted  using  the  same  pilot.  Control  characteristics  and  airframe 
parameters  were  maintained  constant  (as  closely  as  possible),  and  the  same  taks  were 
used  by  the  pilot  in  each  evaluation.  The  resulting  data  were  compared  with  flight  re¬ 
sults  from  the  same  aircraft.  The  simulators  used  different  displays,  motion  modes,  and 
Instrumentation,  and  the  results  are  discussed  in  the  light  of  the  characteristics  of 
each  simulator. 

The  results  show  clearly  that  in  order  to  produce  quantitative  data  representative  of 
flight  results,  the  display  must  have  a  quality  level  compatible  with  the  task  being  per¬ 
formed.  Sped  flea 1 ly,  a  precision  hovering  task  requires  a  high  resolution  display,  while 
a  translation  (of  transition  task)  can  be  performed  with  a  display  of  much  less  resolution. 
The  display  content  is  important,  particularly  for  the  precision  hovering  task  where 
height  holding  is  required.  For  flight  simulation  of  large  translational  movements, 
cockpit  motion  did  not  appear  to  affect  the  results,  however,  for  precision  hover  and 
small,  quick  position  changes,  cockpit  motion  appears  to  be  important  In  that  it  assists 
the  pilot  In  detecting  small  drift  and  Improves  his  ability  to  control  vehicle  attitude. 

The  absence  of  cor.’ipit  motion  when  using  a  point  source  visual  display  for  the  presentation 
of  visual  information  can  cause  vertigo  and  loss  of  performance. 


The  study  hows  that  valid  V/STOL  flight  simulation  can  be  accomplished  and  that  quantlta 
tive  and  subjective  data  which  closely  compare  with  flight  results  can  be  obtained. 


c 


( 


c 


1'.  Pilot  vertigo  was  induced  as  the  time  duration  of  a  particu¬ 
lar  flight  increased.  Vertigo  was  especially  annoying  to  the 
pilot  during  attitude  reversals  or  hovering.  The  pilot  felt 
he  could  do  better  with  cockpit  motion  cues. 


g.  The  pilot  felt  that  he  could  not  perceive  small  drift  motions 
and  therefore  down-rated  the  controllability  accordingly. 

h.  Power  spectral  and  probability  density  distributions  of  the ; 
pilot’s  stick  inputs  are  presented  in  Figures  6  and  7.  Note 

•'  that  they  are  lower  than  the  flight  values  except  during 
attempted  hover  where  the  energy  at  0.6  Hz  in  the  simulated 
flight  is  larger  thcLn  flight. 

Critique 


1.  The  unacceptability  of  the  attitude  control  is  the  result  of  the 
pilot’s  not  being  able  to  bring  the  vehicle  to  an  acceptable  hover 
either  at  high  or  at  low  altitude.  At  high  altitude,  hover  is 
difficult  anyway;  but  at  low  altitude,  the  realism  of  the  display 
was  destroyed  by  the  excitation  of  the  transparencies’  natural 
frequencies  and  the  loss  of  resolution.  The  large  relative  posi¬ 
tion  thresholds  which  exist  at  this,  scale  also  prevent  an  accept¬ 
able  hover.  If  a  hover  cannot  be  achieved,  then  a  lateral 
maneuver  is  not  possible. 

2.  The  control  is  acceptable  for  large  translations  away  from  the 
ground  because  the  errors  generated  during  attempted  hover 
are  not  serious  when  applied  to  a  large  translation  maneuver 
such  as  translating  down  the  runway  at  an  altitude  of  100  feet. 
This  is  because  the  longitudinal  plane  assumes  importance 
during  the  maneuver  and  the  lateral  excursions  resulting  from 
poor  roll  control  are  small  compared  to  the  large  longitudinal 
motion.  In  other  words,  sideslip  angles  are  maintained  within 
acceptable  limits. 

3.  The  reduced  pilot  activity  (see  Table  1)  is  caused  by  the  inability 
of  the  pilot  to  perceive  small  motions,  thereby  causing  him  to 
adapt  a  "loose"  control  technique.  In  other  words,  he  sees  little 
and  therefore  does  little. 

\  ”  4.  Pilot  vertigo  may  be  caused  by  the  conflict  between  the  some- 

\  times  "fair"  visual  cues  acquired  during  attempted  hover  and 

\  the  highly  trained  kinesthetic  sensations  which  are  expected  but 

]  not  felt  because  the  cockpit  is  fixed.  Inadvertent  pilot  head 

i  motions  were  observed  frequently. 
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3.  The  power  spectral  density  of  the  pilot’s  lateral  stick  deflection 
verifies  this  point,  as  the  attitude  closure  was  being  effected  at 
frequencies  of  1.0  Hz.  The  closures  for  flight  occur  at  frequen¬ 
cies  of  0.5  Hz,  while  the  various  other  simulators*  closures  are 
between  these  values  but  closer  to  the  lower  one. 

GENERAL  CRITIQUE 
Effect  of  Motion 

r It  has  been  observed  that  overcontrol  tendencies  exist  with  the  fixed- 
base  simulators,  while  for  all  other  quantities  constant,  this  does  not 
occur  in  the  moving-base  simulators  or  flight.  The  visual  display  fre¬ 
quency  response  of  the  fixed-base  simulators  is  sufficiently  high  that 
this  is  not  a  factor  in  the  overcontrol  problem  (see  Appendix  I).  The 
onset  of  vertigo  for  the  fixed-base  simulators  using  the  point  light 
•source  type  ofdisplay  is  established.  The  indications  are,  therefore, 
that  significant  pilot  lead  can  be  generated  through  the  rotary  motion 
cues.  This  is  illustrated  in  Figure  16,  which  contains  several  root 
loci  of  pilot  attitude  closures.  A  pilot  model  consisting  of  lead  and  a 
time  delay  represented  by  a  first-order  Pade  approximation  (ref¬ 
erence  4)  is  included.  Note  that  varying  pilot -gairr  can  produce  closed 
loop  roots  which  may  vary  considerably  in  damping  ratio  at  nearly  the 
same  frequency  and  pilot  gain.  The  observations  from  the  fixed-base 
simulation  indicate  that  closed  loop  roots  exist  at  frequencies  of  3.  5 
radians  per  second  with  a  damping  ratio  of  0. 1  to  0. 3.  Such  a  closure 
would  be  represented  by  the  dark  crosses  on  Figure  16.  The  root  locus 
shows,  however,  that  the  complex  roots  may  be  moved  to  the  left  if  the 
pilot  lead  time  constant  is  increased  to  0. 4  second  at  constant  pilot 

gain.  The  resulting  damping  ratio  is  then  0.  5.  This  is  approximately 
what  is  observed  in  flight.  Compare  the  time  histories  of  Figures  11, 

15,  and  17.  The  same  absence  of  motion  which  results  in  decreased 
pilot  lead  could  cause  the  conflict  between  the  visual  and  kinesthetic 
cues  which  can  cause  vertigo  (reference  5).  Note  that  in  all  the  simu¬ 
lators  with  motion,  no  overcontrol  or  vertigo  tendencies  have  existed. 

Figure  18  serves  to  illustrate  the  effect  of  introducing  another  closure. 

In  this  figure,  the  effective  closed  loop  transfer  function  of  the  pilot- 
attitude  controller  is  combined  with  the  additional  airframe  transfer 
function  relating  side  position  and  bank  angle.  Pilot  attitude  gain  K 

and  lead  time  constant  are  fixed,  and  the  locus  is  plotted  for  various 
values  of  the  linear  pilot  gain  K  . 

py 


Closed  loop  roots  are  shown  for  a  particular  pilot  linear  gain.  Note  that 
the  position  closure  is  lightly  damped  and  of  low  frequency.  This  root 
location  may  be  improved  if  the  attitude  closure  roots  were  more  heavily 
damped. 

An  examination  of  a  power  spectral  density  distribution  for  the  lateral 
stick  (Figures  3,  4,  6,  7,  9,  10,  13,  and  14)  shows  dominant  resonances 
at  frequencies  of  0. 1  to  0. 3  Hz  and  0.  5  to  1. 0  Hz  which  correspond  to  th$ 
root  locus  just  described.  A  comparison  of  power  spectral  density  from 
flight  or  a  moving-base  simulator  with  those  from  a  fixed-based  simulator 
shows  that  a  more  dominant  peak  occurs  at  frequencies  of  0.5  Hz  for  the 
fixed-base  simulators,  verifying  that  the  attitude  closure  is  lightly 
damped.  It  is  probable  also  that  cues  working  on  the  involuntary  aspects 
of  the  perceptive/reactive  system  can  be  used  by  a  highly  skilled  VTOL 
pilot.  The  latency  time  for  the  detection  of  linear  accelerations  is  below 
the  period  of  the  position  loop  roots.  This  suggests  that  a  highly  skilled 
pilot  could  use  linear  acceleration  cues  supplied  by  his  vestibular  sys¬ 
tem.  For  the  VTOL  aircraft  near  hover,  a  linear  acceleration  is  very 
nearly  equal  to  attitude  change  times  the  acceleration  of  gravity.  There¬ 
fore,  this  cue  may  be  used  as  a  sensitive  attitude  cue. 

Effect  of  Display 


It  has  been  shown  how  the  display  can  cause  position  holding  performance 
to  decrease.  An  examination  of  the  power  spectral  density  distribution  of 
a  simulator  with  a  poor  display  reveals  that  the  levels  are  generally 
lower  than  in  flight.  [.This  points  to  the  hypothesis  that  a  correct  attitude 
closure  is  not  possible  unless  sufficient  position  cues  exist.  This  is  be¬ 
cause,  without  correct  position  information,  it  is  not  necessary  to  control 
attitude  accurately  and  the  "drifting”  kind  of  performance  is  observed. 

The  position  cues,  therefore,  are  important  both  in  content  and  in  dynam¬ 
ics/  They  not  only  must  provide  the  pilot  with  excellent  information 
regarding  his  position  and  attitude  in  space,  but  also  must  provide  him 
with  the  correct  derivatives  of  his  spatial  coordinates.  This  means  that 
the  thresholds  must  be  considerably  less  than  the  expected  R.M.S.  levels 
of  these  coordinates  and  below  the  pilot's  visual  threshold. 

Nearby  vertical  towers  with  markings  enhance  a  pilot’s  ability  to  perceive 
vertical  motion.  Familiar  objects  and  known  grid  lines  also  help.  The 
three-dimensional  aspect  of  the  point  light  type  of  visual  display  not  only 
serves  to  give  the  pilot  more  information  due  to  the  wide  field,  but  also 
allows  him  to  scan  for  the  most  rapidly  changing  coordinate.  .Pilot  scan 
rate  was  found  to  be  high  for  the  visual  hovering  task.  Target  fixation 
duri  ng  precis  Lon  hovering  attempts'often  led  to  degraded"  performance 
"which  ccwld  be  restored  by~T>flefly  scanning~t>neFmore. 
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Overcontrol  tendencies  in  roll  and  overshoot  in  lateral  position  during 
maneuvering  were  observed.  Inadvertent  head  motions  were  also  ob¬ 
served.  The  vertigo  tendency  was  nearly  suppressed  by  both  pilots. 
This  was  accomplished  by  introducing  several  factors: 

1.  The  wearing' of  eyeshades  which  prevented  the  direct  light  from 

:  the  transparency  from  entering  the  pilot’s  .eyes  and  which  also 

shut  out  the  extraneous  surface  reflections  of  the  transparency. 

2.  The  adoption  of  a  procedure  where  large  simulator  visual 
motion  such  as  that  occurring  during  startup  and  shutdown  was 
not  observed  by  the  pilot  simply  by  instructing  him  to  close  his 
eyes  during  those  times. 

3.  Frequent  rests. 

4.  The  frequent  scanning  by  the  pilots  of  the  total  display  and  the 
avoidance  of  staring  at  a  particular  point  during  a  precision 
hover  or  maneuver. 

5.  Pilot  motivation. 

Control  Utilization 


Control  moment  utilization  was  studied  to  provide  additional  data  on 
which  to  base  conclusions.  Also,  this  parameter  is  of  fundamental  im¬ 
portance  for  designers  of  V/STOL  vehicles.  It  can  reveal  information 
regarding  pilot  control  inputs,  since  it  represents  the  final  output  of 
essentially  a  filter  which  receives  the  pilot  control  motions. 

Since  the  X-14A  vehicle  is  nearly  neutral,  it  has  nearly  zero  rotary 
damping  on  all  axes,  and  the  rolling  moment  of  the  reaction  control 

lrc\ 

-j~-y  is  nearly  equal  to 

the  rolling  acceleration  p.  The  error  is  small  and  therefore  these 
quantities  are  used  interchangeably  throughout  this  section  in  units  of 
acceleration,  radians  per  second  squared. 

Table  I  contains  the  measured  R.M.S.  values  of  p  for  all  simulators 
and  flight  test.  Note  that  the  ratios  of  the  R.M.S.  values  of  p  to 

during  hover  are  nearly  constant.  However,  these  ratios  for  Simulator 
D  (all  motion)  and  flight  test  are  different  from  the  ratios  for  all  other 
simulations.  The  results  clearly  show  that  the  measured  ratio  of 


system  divided  by  the  roll  moment  of  inertia 
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U.  S.  Navy  Message  from  COMPATW INGSLANT s  Brunswick,  ME,  to  CNO, 
Washington,  DC.  2F87 { F)  SER  NO  5  FE  and  co-pilot  display. 
April  1980. 


R  0319592  APR  80 

« 

*  FM  CGMPATWINGSLANT  BRUNSWICK  ME 

5od j :  2Pd7(F)  SER  NO  5  FE  AND  CO-PILOT  OISPLAY 


TO  CNO  WASHING  I  ON  OC 

INFU  C JMNAVAIRSYSCUM  WASHINGTON  DC  COMNAVAIRLANT  NORFOLK  VA 
Cu-1PaT«INGSPAC  MOFFETT  FIELO  CA  COMPATWING  FIVE  BRUNSWICK  ME 

FASOTKAGRULANT  OET  BRUNSWICK  ME 


UNCLAS  //NO 1551// 


CiO  FJR  OP  594/  NAVAIR  FOR  AIR  4133/  AIRLANT  FOR  3UB1 

SUB  J :  2F37(F)  S£R  NO  5  FE  AND  CO-PILOT  DISPLAY 

A.  PhOnCON  CNO  CAPT  FUNDERBURK/CPWL  CAPT  BISHOP  OF  1  APR  80 

1,  DURING  THE  INSPECTION  OF  2F87F  #5  AT  SINGER/LINK  BINGHAMTON 

NEW  YORK/  CHANGES  TO  THE  PROPOSED  CGI  VISUAL  OISPLAY  WERE  NOTED/ 

AND  IDENTIFIED  BY  THE  FLEET  PROJECT  TEAM  AS  POSSIBLE  WEAKNESSES 
IN  THE  NEW  TRAINING  DEVICE.  THESE  DEFICIENCIES  WHICH  PRECLUDE  MIN¬ 
IMALLY  ACCEPTABLE  FLEET  TRAINING  ARE i  A  LACK  OF  A  VISUAL  DISPLAY 
FOR  THE  FLIGHT  ENGINEER  AND  A  LACK  OF  A  FORWARD  QUARTER  WINDOW 
DISPLAY  FUR  THE  CO-PILOT. 

2.  IN  VIEW  OF  THE  DIFFERENT  REQUIREMENTS  OF  THE  FLEET  COMPAREO  TO  THE 
FRS  AND  the  ASSOCIATED  IMPACT  ON  ISO  AND  PQS/  THE  FOLLOWING  TRAIN¬ 
ING  NEEDS  AND  REQUIREMENTS  ARE  SUBMITTED: 

A,  TRAINING  NEEDS: 

(1)  THE  CO-PILOT'S  SIDE  WINDOW  OISPLAY  IS  CONUIDEREO  ESSENTIAL 
FOR  FLEET  CO-PILOT  TRAINING/  PATRON  PLANE  COMMANDER  RIGHT 
SEAT  WORK/  AND  INSTRUCTOR  PILOT  TRAINING,  THE  PPC  AND  IN¬ 
STRUCTOR  RIGHT  SEAT  WORK  ARE  CONSIDERED  THE  MOST  DIFFICULT 
TRAINING  EVOLUTIONS  THE  P-3  COMMUNITY  ENCOUNTERS. 

(2)  FROM  A  PSYCHO/PHYSIOLOGICAL  STANDPOINT/  THE  FLIGHT  ENGINEER'S 
CENTER  WINDOW  IS  ESSENTIAL  TO  THE  FLEET  NEEDS  TO  ENHANCE  THE 
TRAINING  ENVIRONMENT  FOR  THE  FLIGHT  ENGINEER,  AT  THE  PRESENT/ 
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2FB7  1  THRU  4  HAVE  A  VISUAL  DISPLAY  FOR  THE  FLIGHT  ENGINEER/ 

SO  NU  DOCUMENTED  CASES  OF  DEGRAOED  TRAINING  OR  MOTION  SICK¬ 
NESS  EXISTS.  DURING  THE  IN-PLANT  INSPECTION  AND  INFORMAL  USAGE 
ON-SITE/  EVERY  ENGINEER  HAS  COMMENTED  ON  THE  FEELING  OF  OIS- 
ORIENTATION  BEGINNING  AS  SOON  AS  ONE  HALF  HOUR  AFTER  TAKING 
HIS  PLACE  IN  THE  COCKPIT.  THIS  IS  CRITICAL/  IN  THAT  NORMAL 
TRAINING  PERIODS  WILL  BE  OF  3  TO  4  HOUR  DURATION. 

B.  TRAINING  REQUIREMENT: 

(1)  IN  THE  PRESENT  2F87(F)  TRAINERS/  THE  PILOT  AND  THE  CO¬ 
PILOT  HAVE  A  FORWARD  DISPLAY  ONLY.  TA£G  REPORTS  GENERATED 
SINCE  ACCEPTANCE  OF  THE  FIRST  2F87(F)  HAVE  POINTED  TO  THE 
PROBLEM  OF  LACK  OF  PERIPHERAL  VISION  IN  THE  LANDING  PHASE. 

THIS  WAS  IMPORTANT  IN  THE  FRS  DUE  TO  THEIR  TRAINING  OF  RE¬ 
PLACEMENT  PILOTS  LANDING  FROM  THE  LEFT  SEAT.  THE  PROBLEM 
ENCOUNTERED  IN  THE  FLEET  IS  THE  TRAINING  OF  PILOTS  FOR  RIGHT 
SEAT  LANDINGS  AND  RUNWAY  WORK.  THE  REQUIREMENT  TO  ACCOMPLISH 
THIS  TRAINING  IS  CONTAINED  IN  THE.  CURRENT  PILOT  PQS  FOR 
PAT  RUL  PLANE  SECOND  PILOT/  PATROL  PLANE  COMMANDER/  AND 
INSTRUCTOR  PILOT.  THE  ABILITY  OR  LACK  OF  ABILITY  TO  HANDLE 
THE  AIRCRAFT  FROM  THE  RIGHT  SEAT  HAS  BEEN  THE  SUBJECT  OP 
NUMEROUS  SAFETY  REPORTS  SUBMITTED  BY  THE  P3  COMMUNITY, 

THtSfc  REPORTS  COVER  EVERYTHING  FROM  MINOR  INCIDENTS  TO  HAJUR 
ACCIDENTS. 

.(2)  IN  ORDER  FOR  THE  P3  FLIGHT  STATION  TO  WORK  AS  A  TEAM/  EACH 
MEMBER  MUST  BE  ABLE  TO  GIVE  HIS  TOTAL  ATTENTION  TO  THE  TASK 
AT  HAND.  IN  THE  CASE  OF  THE  FLIGHT  ENGINEER/  THIS  MEANS  TO 
MONITOR  HIS  INSTRUMENTS  ANO  ASSIST  THE  PILOT  IN  ANY  TASK 
THAT  REQUIRES  HIS  ACTIONS.  IT  IS  FELT  THAT  THE  POTENTIAL 
DISORIENTATION  CAUSED  BY  THE  INCOMPLETE  VISUAL  DISPLAY/ 
COMBINED  WITH  THE  MOTION  CHARACTERISTICS  OF  THE  TRAINER/  WILL 
PLACE  UNNECESSARY  DISTRACTIONS  AND  FATIGUE  UPON  THE  FLIGHT 
ENGINEER/  DEGRADING  HIS  CONTRIBUTION  TO  THE  TEAM  EFFORT/ 

AS  WELL  AS  HIS  INDIVIDUAL  TRAINING.  WITH  THE  PRESENT  AND 
FORECAST  SHORTAGE  OF  FLIGHT  ENGINEERS/  IT  IS  IMPERATIVE  THAT 
THfc  ENGINEERS  WE  OO  HAVE  ARE  TRAINED  TO  THE  MAXIMUM/  IN  THE 
BEST  ENVIRONMENT  POSSIBLE.  IN  2F87IF)  #5/  THIS  ENVIRONMENT 
DOES  NUT  EXIST.  IN  OROER  TO  PLACE  THE  ENGINEER  IN  A  REDUCED 
FATIGUE  SITUATION  IT  IS  ESSINTIAL  THAT  HE  BE  ALLOWED  TO 
TRAIN  IN  A  DEVICE  THAT  DOES  NOT  INCREASE  THE  CHANCES  OF 
SPATIAL  OISORIENTATIQN.  THIS  CAN  BE  ACCOMPLISHED  BY  ADOING 
A  VISUAL  DISPLAY  AT  THE  FORWARD  CENTER  WINDOW. 

C.  CAPABILITIES  REQUIRED: 

(1)  FQRWARQ  QUARTERS  CQ-PiLOT  WINDOW  TO  ALLOW  THE  CO-PILOT/ 

PPC/  IP  TO  GAIN  THE  PERIPHERAL  VISION  REQUIRED  TO  PROPERLY 
OPERATE  THE  AIRCRAFT  IN  THE  LANDING  PHASE, 

(2)  CENTER  FORWARD  VISUAL  DISPLAY  -  TO  HELP  RESOLVE  THE 
INADEQUACIES  DISCUSSED  ABOVE. 

D.  QUANTITIES  AND  COST: 

m  THtSt  FIGURES  HAVE  BEEN  SUBMITTED  8Y  THE  CONTRACTOR/  AND  ARE 
HELD  BY  NAVAIRSYSCOM, 
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£,  initial,  training  capability: 

(1)  IT  IA  R£«U£STEO  THAT  THE  IMPROVEMENTS  BE  MADE  PRIOR  TQ  FULL 
TIME  FLEET  USE  WHICH  IS  PROPOSEO  TQ  BE  NOVEMBER  1980. 

P.  QnGOINu/KELATEO  EFFORTS:  NONE 

CPWL  POC:  CAPT  BISHOP  CCF )  AV  476-2598 
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U.  S.  Navy  Message  from  FITRON  ONE  TWO  FOUR  to  RUWFVAA/ 
COMFIT AEWW INGP AC ,  San  Diego,  CA.  F-14  WST  2F  X12/WAVS 
,  ’  aircrew  readjustment.  October  1981.  / 

•  *m  tm  *£  '*•  **  «•  *•  •*•#*•  »*  *• 

ROUTINE  *  U  N  C  L  A'S  S  I  F  I  E  0  * 

*  *  •  •*  *♦*•**•*»***  •«  *.$•*«•« 


P*t  OOOll 
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RTTUZYUw  RUWFS5G5U90  2  97  00  32  -U  UU  U-  -R  UC  LH  FA  . 

ZNR  UUUUU 

R  2120052  OCT  81 

FH  FITRCN  ONE  TWO  FOUR 

TO  R  UUF  v  AA  /C  OK  F I  TA  £U  U 1  NG  P  A  C  S*  «  DIEGO  CA 

INFO  PUWFA  AB/COKNA  VAIRPAC  SAN  01  EG  0  CA 

RUCLHFa/NA  VT  RAEOUI  PCEN  ORLANDO  FLV 

-T.J 

u'»  CL  AS  //  NO  37  5  C  // 

SUBJ!  F-14  WST  2F112/WAVS  A  P  CREW  REAQJlb  THEN  T  •  ' 

A.  COHF  IT  AEWW  INGP  AC  NOTE  3750/37  50  CH-1  (F  11  JUN  61/2  7  AUG  81 

1,  RrF  A  PROMULGATES  GU 1  DEL  IN  lS  FOR  AIRCREW  READJUSTMENT  PERIOOS 
AFTER  USE  OF  F-14  WST  2FU2/WAVS.  F 14  FLEET  PROJECT  TEAM  (FPT)  AND 
OTHER  INPUTS  WHICH  RESULTED  IN  RESTRICTIONS  IN  REF  A  WERE  BASED  UPON 
LIMITED  EXPERIENCE  WITH  2F112/UAVS  AND  SEVERAL  PRELIMINARY  PHYSIOLOG¬ 
ICAL  STUDIES  CONCERNING  F I  XE  0-  6  A  SE  »  FULL  VISUAL  FLIGHT  SIMULATORS, 

2.  INDIVIDUAL  DEBRIEFS  OF  ALL  F  IT  AE  UU  IN  S>  AC  2F112  USERS  HAVE  BEEN 
CONDUCTED  ON  THE  WHOLE  RANGE  OF  DEVICE  F  ID  EL  IT  Y  »  'U  TI  LI  2A  TI»N  #  TRAIN¬ 
ING  USES#  AND  PHYSIOLOGICAL  EFFECTS.  BASED  UPON  COMMENTS  OF  A  LARGE 
USER  SAMPLE  SPACE  AND  INFORMAL  FPT  LIAISCN  WITH  AUTHORS  OF  STUDIES 
CITED  ABOVE#  RECOMMEND  RESTRICTIONS  REF  A  BE  MODIFIED  AS  FOLtTOks: 

m  discussion:  some  apcrews  have  ejperienced  s ensorim.C|t or 

PAGE  02  RUUFSGG5090  UNaAS 

DIFFICULTIES  AND  SICKNESS  AFTER  "FLIGHT-  IN  THE  2F112/UAVS. 

SYHP90MS  CAN  BE  WIDE  RANGING  AND  VARY  SIGNIFICANTLY  BETUEEN 
INDIVIDUALS.  AVIATION  PHYSIOLOGISTS  AND  N  AVAL  AEROSPACE  MEDICAL 
RESEARCH  PERSONNEL  CLASSIFY  THIS  P  HE  NO  HE  N)  N  AS  REVERSE  SENSORY  CON¬ 
FLICT.  EFFECTS  ARE  HOST  PREVALENT  ON  THE  FIRST  EXPOSURE  TO  THE 
VISUAL  SYS  TEH.  \ 

(?)  ACTION!  THE  FOLLOWING  SUIDaiNES  ARE  SET  FORTH! 

(A)  AFTER  "FLYING"  THE  2F112/UAVS  FOR  THE  FIRST  TIHE  *  AN 

AIWCREwKAN  Fl-OT  A  CT  UA  L  A I  ftcffATT  AS  A  CR  EW  HE  MB  £  R  F  Qi>- A 

PTrIOD  CF  TWELVE  (  12  )  HOURS.  TH2S  PERIOD  SHOULO  INCLUDE  A  GOOO 
NIGHT’S  SLEEP, 

(B)  QN_S  U3  SE  QU  EN  T  TLIGHTS"  IN  THE  2  F 1 12  /W  AV  S#  INDIVIDUAL 

AIRCRFU  JU  DG  EM  ENT"5H  ACT.  U.  HL"iSTD  PBICR  TO  ACTUAL  FLIGHT 
REGARDING  ADEQUATE  READJUSTMENT.  A  MINIMUM  OF  TWO  (2)  HOURS  SHALL  BE 
OBSERVED  BETUEEN  EXITING  2F112/UAVS  AN  D  AC  TU  AL"F  Ll  GhYI - - - “ - 

~  ‘  TCT  THE  DE  V I  CL  WILL  Ei  S  IAHILTJ  A  Nu  ilOPPED  1  FROZEN)  IN  A 

WlNGS-LC  VE  L#  NOSE-ON  -  HORIZON  (EARTH  HORIZONTAL)  ATTITUDE.  IN 
ADDITION#  THE%V1SUAL  StSJEH  UJ  LL  BE  SECUREO  AND  WHITE  DOME  LIGHTS 
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ROUTINE  ‘UNCLASSIFIED* 

*  *  •  **  9*  ********  6*  *»  «•  *4  **  «* 


WILL  BE  TURNED  ON  BEFORE  CREWMEN  EXIT  THE  COCKPITS. 

(D)  A  MINIMUM  OF  TORSO  HARNESS  AND  ANTI-G  SUIT  UILL  BE 

*  • 

PAGE  0  3  RU  «F  S^  5  5  09  0  UN  a  AS 

UORN.  FULL  FLIGHT  GEAR  MAY  EE  WORN. 

3.  AT  PRESENT.  REF  A  RESTRICTS  OE  VI CE  UTILIZATION.  USERS  ARE 
HESITANT  TO  LET  AIRCRE^IEN  FLY  THE  DEVICE  AND  NOT  BE  ABLE  TO 
SCHEDULE  THEM  FOR  FLIGHTS  ThAT  NIGHT.  H  (U  EV  ER »  ABOVE  RECOMMENDATIONS 
ARE  PASED  UPON  A  CONSIDERED  EVALUATION  OF  ACTUAL  AIRCREW  READJUST¬ 
MENT  FEwUlBEO  FOR  SAFETY.  SUCH  ACTION  SH3UL0  INCIDENTALLY  ZHPROVE 
CEVIC  uTILI  ZATION  . 

°T 

*5090 

NNNN 
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Wenger,  J.  E.  Motion  sickness  In  the  P-3C  Fleet  Reediness 
fr  N*val  Air  Station,  Brunswick,  ME  (Memorandum 
N8DL:60: jah;6500).  New  Orleans,  LA:  Naval  Biodynamics 
Laboratory,  14  January  1980. 


From:  Commanding  Officer,  Naval  Riodynamics  Laboratory  1 

To:  Commander,  Naval  Air  Systems  Command  (AIK-413),  Washington,  'DC  20301 

Sub.j:  Morion  Sickness ‘In  the  P-3C  Fleet  Readiness  Trainer  at  Naval  Air 

Station,  Brunswick,  Maine 
« 

Ref:  (a)  -  Phone e. on  between  COR  Ashburn,  Naval  Air  Systems  Command  (ATR-413) 

and  COR  Kennedy,  Naval'  Riodynamics  Laboratory,  (Qode-60)  of 
4  Dec  1980  • 

(b)  COM PATWI NGSI.AXT  Rrunswick,  ME,  MSC  0318 59Z  APR  80  to  CNO 

(c)  Phonecon  between  Or.  Robert  Kellogg,  ACM  Simulator  staff, 

Williams  AFR  and  COR  Kennedy,  Naval  Biodynamics  Laboratory 
(Cod e-AO)  of  l  Feb  1980 

(d)  DC I KM  Technical  Communication  Mo.  80-C-44  Defence  and  Civil 
Institute  of  F.nvironmcntal  Medicine,  Oownsvlcw,  Ontario,  Cana. la 

(e)  flnval  Air  Development  Center  Report  No.  NAOC-77274-50,  10  Sept 

1977 

(f)  Chapter  by  Conrad  Kraft  (pp.  363-335)  in  Psychology  from  Research 
_to  Pract Ice  c.d.  hy  M.  L.  Pick,  Jr.,  M.  W.  Lclbowlta,  f..  F.. 

Ringer,  A  "Stelnschneidcr ,  and  II.  W.  Stevenson,  Plenum  Press: 

1978 

1.  Reference  (a)  request***!  Naval*  Rlodyn;unics  Laboratory  (NBOL)  to  invest  ignte 
the  P-3C  Fleet  Readiness  Trainer  (FRT)  at  Naval  Air  Station,  Rrunswick,  Maine 
and  to  recommend  ways  to  alleviate  simulator  sickness  in  that  system.  Simulator 
sickness  in  the  Brunswick  FRT  is  experienced  by  virtually  all  flight  engineers 
hut  not  by  the  pilots  and  copilots.  Reference  (b)  Initially  called  attention 
to  this  problem.  In  order  to  hotter  assess  the  Rrunswick  FRT,  COR  Kennedy, 

LCDR  Carter,  and  Dr.  Bittner,  members  of  the  NUDL  staff,  first  visited  the 
P-3C  FRT  at  NAS  Jacksonville,  which  Is  virtually  Identical  to  the  one  at 
Rrunswick  but  has  a  model  board  visual  display  whereas  the  Rrunswick  FRT  has 
computer  generated  Imagery  (CGf).  The  Jacksonville  FRT  does  not  produce 
appreciable  motion  sickness.  They  also  witnessed  a  demonstration  of  an  S-1 
FRT  at  Cecil  Field  which  has  a  version  of  CCT,  hut ‘also  produces  negligible 
motion  sickness. 

• 

2.  The  simulator  sickness  experienced  by  flight  engineers  in  the  Brunswick 
P-3C  FRT  is  of  classic  form  and  resembles  simulator  sickness  experienced  in 
other  training  devices  o.g.,  references  (c)  and  (d).  Thefce  flight  engineers 
experience  and  react  to  the  optically  Induced  distortions  and  illusion  which 
after  a  latent  period  of  about  30  minutes  give  rise  to  the  following  effects: 
d lx xi ness,  yawning,  isirping,  confusion  and  headache,  salivation,  stomach 
awareness,  extreme  unsteadiness,  and  nausea.  Moving  the  head  appears  to 
aggravate  the  problem.  Training  missions  are  routinely  aborted  after  flight  . 
times  of  only  40  minutes.  .The  pontural  dl sequllihr turn  results  in  safety  risks 
when  exiting,  tlx*  trainer.  Moreover,  immediately  after  a  training  session 
flight  engineers  suffer  r.pots  before  the  eyes,  headache  and  feelings  of  dis¬ 
orientation.  There  is  the  suggestion  of  longer  range  (hours)  effects  so  that 
flying  and  driving  may  be  contraindicated  up  to  48  hours. 
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'■  T‘1*'  cnns**{  •; )  or  t  »syi;;pt  urns  shooii  cl  tml  natod  f  or  the  folinw*;i.: 

fen-son-;.  The  flight  vngiivvrn  ore  ;it  ri*  when  walking  on  the  ladders  at  llu* 
oxir  of  the  simulator  following  rrninii;*  :  cause  of  extreme*  unstcad  »  ,ie*n 
in.hiecd  hy  the  simulator.  Th»*  student1*  '.♦•come  reluctant  to  take  mur»*  training 
after  this  tv.per  leuce .  Additionally,  the  symptoms  of  simulator  sf»V»i«.  •: 
re. luce  the  ef  feel  l venens  of  the  flight  engineers  and  hence  jeopardize  the 
fiir.ht  crow  In  real  flights  that  follow  the  training  on  the  same  dav.  •  Train! nr, 
fs  probably  leas  effective  because  the  flight  engineers  attend  to  their  mnlalnc 
r«rher  than  to  the  flight  he! 05*  simulated.  Scheduling  problem*  due  to  Illness 
result  in  lost  crew  tiia»:'  mi  the  simulator  following  aborts. 


It  is  proposed  the  following  FHT  stimuli  lend  to  the  flight  engineers* 
simulator  sickness.  The  most  obvious  cause  of  the  sickness  Is  the  »T»T  viewed 
off-axis.  This  conclusion  was  reached  for  the  following  reason^:  (1)  sickness 
occurs  even  without  simulator  morion  nt  Brunswick;  (2)  sickness  is  nor  prevalent 
in  an  identical  simulator  without  COT  (with  or  without  motion)  at  Jacksonville, 
and  (3)  sickness  Is  not  experienced  by  the  pilot  and  copilot  who  view  the  C^T 
on-u:<is.  Off-n:<ls  view!  nit  (the  flight  engineers'  view)  of  the  Cr;i  includes 
the  following,  characteristics.  The  scene  Is  optically  compressed  inboard  and 
expanded  outluaard.  This  ktnd  of  distortion  of  the  visual  scone*  is  Unown  to 
protlure  disor I cntnllou  and  nausea.  Furthermore 9  only  the  flight  engineer  • . 
the  outer  cdp.cs  of  the  two  CCl's.  The  CCL  edges  appear  to  he  outside  of  the 
windscreen  (hence  they  seem  far  away),  yet  the  edges  seem  to  move  In  the 
op|>->sfte  direction  of  any  head  movement  (hence  they  seem  to  he  nearby).  Thin 
•kind  of  perceptual  conflict  is  also  known  to  produce  disorientation  and  nann^a. 
Finally,  during  a  turn  the  horizon  appears  from  the  flight  engineer's  seat  to 
break  and  rise  faster  on  the  side  with  the  elevated  wing.  A  broken  horizon  Is 
truly  a  distressing  perception  which  can  only  exacerbate  nausea  anil  disorient¬ 
ation.  ?Mtc  that  only  tlu*  bill  In  front  of  the  pilot  and  copilot  are  involved 
tn  the;e  nauseating  perceptions.  The  COT  on  the  sides  of  the  flight  deck  are 
veridical  anJ  appear  reassuring  for  all  the  crew. 


5.  ft  may  prove  necessary  to  undertake  an  Rftn  program  to  attain  a  deeper 
#  understanding,  of  simulator  sickness  and  how  It  can  he  avoided.  Thn  following 
are  recommended  as  "quick"  and  "intermediate*”  solutions  to  the  Immediate 
problem  at  Brunswick,  a.)  The  first  is  to  occlude  the  flight  engineer's  view 
of  the  pilot  and  copilot's  CCI.  This9 has  been  shown  to  reduce  but  not  eliminate 
the  simulator  sickness  according  to  reference  (b).  Tn  our  opinion,  the  sane 
effect  can  ho  obtained  with  "bight  Control  Film"  manufactured  hy  the  Indue  trial 
optics  Division  of  the  3M  Company  (Product  Information,  (M2)  733-V»V#). 

Other  countermeasures  may  Include  minimizing  head  movement,  recognition  of 
early  signs  of  motion  sickness  (burping,  salivation,  yawning,  sweating). 

Increased  mental  concent  ration  hy  flight  engineers  on  the  task  at  hand,  and 
use  of  the  simulator  In  a  fixed  base  mode  for  flight  engineers  with  minimal 
flight  hours •  c.)  The  Intermediate  fix  would  he  to  Install  a  third  CGI  In 
front  of  the  flight  engineer.  This  should  not  he  visible  to  the  pilot  and 
copilot. 

ft.  Tn  part.  It  Is  the  separateness  of  the  displays  which  gives  rise  to  the 
problems  cited  horoJn.  The  separate  displays  provide  conflicting  signals  to 
the  peripheral  vision  of  (light  engineers..  Perhaps  a  television  protect  Ion  of 
COf  Images  on  an  approximately  curved  screen  would  combine  the  advantages  of 
CGI  (low  maintenance  cost,  geographic  versatility)  and  model-hoard  visual 
simulations  (a  continuous  wide-screen  perspective),  reference  (c). 
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t  .  Two  Other  shortcomings  of  the  «:•  fvhtr.li  nr*;  cons tdered  to  he  of  minor 

Importance  in  the  present  s ImuTnt Jon »  • . nmc  apparent  during  the  I nvest  Lent  ioi.s 

nnd  deserve  comment.  *lrst,  the  vise;!  f:ci  movement  nnd  the  platform  movement’ 
nrc  initiated  hy  the  same  electronic  *.»;:nol  which  is  implemented  immediatel  v  . 
on  the  CGI  display  hut  is  Implemented  with  delay  in  the  platform  movement  doe 
to  the  dynamics  of  hydraulic  systems.  Hence  the  platform  movement  tends  to 
la,<»  the  visual  scene  movement.  This  kind  of  stimulus  lag  is’not  present  tn 
the  real  P-1C  so  that  trainees  may  he  l earnin'*  to  expect  inappropriate  com¬ 
binations  of  visual  movement  stimuli.  This  prohlpm  c an  he  solved  hy  using 
feedback  from  actual  movement  at  the  simulator  to  initiate  movement  of  the 
CCI's.  A  second  problem  is  that  the  COT  produces  very  definite  cues  that  the 
images  are  only  a  few  feet  away,  although  the  CCT  are  simulating  objects 
thousands  of  feet  away,  these  depth  cues  are  due  to  binocular  vision.  This 
can  be  verified  by  viewing  the  CGT  with  one  eye  open  and  the -.other  eye  closed, 
then  opening  the  closed  eye  and  closing  the  initially  opened* one.  When  this 
is  done  the  CCT  appear  to  jump,  as  do  all  nearby  objects.  Objects  that  are 
really  thousands  of  feet  away  do  not  jump.  The  effecta  of  this  misleading  cue 
in  the  simulation  are  difficult  to  surmise,  but  the  effect  may  K-*  Important 
when  transition  to  actual  flight  is  considered  (reference  (f).  •’••rhaps  those 
two  errors  of  simulation  should  be  investigated  further.  It. fa  lit**  r**ro inun¬ 
dation  of  WITH,  staff  members  that  first  priority  be  given  to  solutions  of  the 
serious  simulator  sickness  problem  of  flight  engineers  in  the  P-lC  FRT  at 
Brunswick.  Tills  is  especially  true  because  the  Brunswick  simulator  is  a 
prototype,  so  timely  action  will  avoid  the  simulator  sickness  problem  in  other 
P-3 C  FRT’s  that  arc  yet  undelivered. 


(J.  E.  WENGER* 


Copy  to: 

CNO  (OP-59) 
CIIBUHF.l)  (MED  3-C.) 
CO  fSIRDC 
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